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EVALUATION 


The  objective  of  this  work  effort  was  to  characterize  selected  linear 
Integrated  circuit  devices  and  to  generate  MIL-M-38510  slash  sheets  for  the 
devices.  The  characterization  effort  Includes  determination  of  test  parameters 
and  limits,  assessment  of  device  anomalies,  development  of  test  procedures 
compatible  with  automatic  test  systems,  generation  of  burn-in  and  life  test  . 
circuits,  and  preparation  of  rough  draft  slash  sheets.  As  a result  of  earlier 
studies,  specification  and  test  philosophies  were  fairly  well  established, 
and  working  relationships  with  the  IC  Industry  were  developed.  Device 
selection  for  new  slash  sheets  was  based  upon  various  committee  recommendations. 
Test  parameters  and  limits  were  based  upon  JEDEC  JC41  committee  reconmendatlons, 
data  from  a representative  test  sample,  and  laboratory  evaluation.  Test  circuits 
developed  were  evaluated  in  the  laboratory  and  on  a Tektronix  S-3260  Test  System. 
The  entire  characterization  process  Is  negotiated  at  the  coirmittee  level,  from 
proposed  slash  sheet  to  dated  Issue. 


Slash  sheets  were  generated  for  the  following  device  types: 

TYPES 


MIL-M- 38510/110 
/1 1 2 
/1 1 3 
/ 11 4 
/II 5 


Quad  Op  Amps 
Quad  Comparators 
D/A  Converters 
B1FET  Op  Amps 
Neg  Regulators 


124,  148,  149,  4136  & 4156 
139 

DAC08  & 00C08A 
155,  156  & 157 
120H-05,  120H-12,  120H-15, 
120H-24,  120K-05,  120K-12, 
120K-15,  120K-24 


General  Electric  has  done  an  excellent  job  in  resolving  differences  of 
opinion  between  manufacturers  and  users  and  expeditiously  preparing  draft 
slash  sheets  for  RADC  review. 

THOMAS  L.  DELLECAVE 
Project  Engineer 
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SECTION  I 


INTRODUCTION 


Object Ives 

The  major  objective  of  this  work  effort  is  to  characterize  certain 
linear  integrated  circuit  devices  for  inclusion  in  MIL-M-38510  ("General 
Specification  for  Microcircuits")  slash  sheets. 

Generally,  "characterization"  of  a device  type  includes  several  related 
tasks : 

* determination  of  test  parameters  and  limits 

* development  of  test  procedures,  compatible  with  automatic  test  systems 

* generation  of  detailed  burn-in  and  life  test  circuits 

* preparation  of  a rough  draft  slash  sheet 

A secondary  objective  of  this  effort  is  to  provide  follow-up  support 
for  maintaining  existing  linear  MIL-M-38510  slash  sheets  to  current  status, 
including  support  to  Rome  Air  Development  Center  for  manufacturer  qualifi- 
cation and  related  activities. 

All  of  the  characterization  effort  performed  is  guided  by  the  fundamen- 
tal objectives  of  the  JAN  38510  program  - namely  quality,  reliability,  inter- 
changeability, and  standardization. 

Scope  of  Applied  Effort 

The  specific  tasks  were  planned  for  this  program  in  a meeting  with  Rome 
Air  Development  Center  in  July,  1977,  when  the  following  efforts  were  iden- 
tified: 

(1)  Develop  slash  sheets  for  Quad  Comparators,  D/A  Converters,  Negative 
Regulators  and  BiFET  Op  Amps. 

(2)  Provide  support  to  RADC  on  development  of  a slash  sheet  for  Analog 
Switches . 

(3)  Assess  pending  changes  to  existing  slash  sheets  and  recommend 
appropriate  action. 

(4)  Support  RADC  in  the  evaluation  of  manufacturer  qualification  sub- 
mittals. 

(5)  Interface  with  manufacturers  as  appropriate;  attend  JEDEC  JC-41 
committee  meetings. 
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Program  Status 


A total  of  15  device  types  have  been  characterised  In  this  effort: 


MIL-M-38510/110 

/112 

/113 

/114 

/115 


Quad  Op  Amps  124 

Quad  Comparators  139 

D/A  Converters  DAC08,  DAC08A 

BIFET  Op  Amps  155,  156,  157 

Negative  Regulators  120H-05,  120H-12,  120H-15, 

120H-24 

120K-05,  120K-12,  120K-15, 
120K-24 


The  /110  effort  was  a follow-on  to  a previous  characterisation  effort; 
this  slash  sheet  was  Issued  on  May  28,  1978.  The  Quad  Comparator  slash 
sheet  is  complete  and  ready  for  Issue  In  mld-1978.  The  remaining  three 
slash  sheets  (/113,  /114,  /115)  are  not  yet  finalised,  awaiting  JC-41 
response  to  unresolved  problems  with  the  devices  and/or  specifications.  It 
Is  anticipated  that  ail  of  the  problems  will  be  resolved  before  the  next 
JC-41  committee  meeting,  scheduled  for  October,  1978. 

Ordnance  Systems  has  also  provided  consultation  to  RADC  on  the  develop- 
ment of  MIL-M-38510/111  for  Analog  Switches. 

Changes  to  existing  slash  sheets  have  been  assessed  and  recommendations 
made  to  RADC  on  the  following  slash  sheets: 

MIL-M-38510/110  Quad  Op  Amps 

/107  Positive  Regulators 
/104  Line  Drivers  and  Receivers 
/109  Precision  Timers 
/101  Op  Amps 

The  following  meetings  of  the  JC-41  Comnlttee  on  Linear  Integrated 
Circuits  were  attended  by  the  Ordnance  Systema  Program  Manager: 

August  23,  24,  1977  Sunnyvale,  Cel. 

March  7,  8,  1978  Dalles,  Tex. 

June  21,  22,  1978  Washington,  D.C. 

Characterisation  and  specification  activities  were  coordinated  with 
device  manufacturers  at  these  meetings. 


Background 


Ordnance  Systems  began  this  effort  In  July  of  1977,  having  previously 
completed  a related  characterization  program  In  38510  llnears  (Contract 
F30602-76-C-0345,  Report  RADC-TR-78-22) . Philosophies  for  establishing 
parameters,  limits,  and  test  circuits  were  fairly  well  established  In 
meetings  of  the  JEDEC  JC-41  Committee  on  Linear  Integrated  Circuits.  These 
meetings,  held  at  four  month  Intervals  (approximately),  were  attended  by 
all  of  the  major  manufacturers  of  Integrated  circuits  with  one  or  two  ex- 
ceptions. Representatives  from  RADC,  the  Defense  Electronics  Supply  Center 
(DESC) , and  General  Electric  Ordnance  Systems  were  present  at  all  of  the 
meetings.  Working  relationships  were  developed  with  key  personnel  from  each 
IC  company. 

t 

In  order  to  Improve  the  efficiency  of  the  meetings,  and  to  Increase  the 
rate  at  which  new  specifications  are  developed,  sub-committees  or  task 
groups  were  established  for  several  generic  families,  such  as  op  amps/com- 
parators, D/A  converters,  regulators,  and  analog  switches.  These  meetings 
were  held  to  determine  recommended  parameters,  limits,  test  circuits,  and 
burn-in  circuits  to  be  presented  to  the  full  consnittee  for  approval.’ 

Development  of  Slash  Sheets 

A procedure  for  developing  new  slash  sheets  to  MIL-M-38510  has  evolved 
through  negotiations  among  all  concerned  parties.  Device  selection  Is 
Influenced  by  user  need,  which  Is  determined  both  by  the  marketplace  and  by 
organized  committess,  such  as  the  Military  Parts  Control  Group  (MPCAG)  at 
DESC,  the  G12  Solid  State  EIA  Device  Committee,  and  the  Microelectronics 
Projects  Group  of  the  Electronics  Systems  Committee  of  AIA.  These  recom- 
mendations are  balanced  with  manufacturer  recommendations  obtained  via  the 
JC-41  consnittee.  Devices  having  high  useage,  multiple  application  potential 
In  military  systems,  proven  performance,  and  two  or  more  sources  are  given 
priority.  Single-source  devices  are  acceptable,  especially  for  hybrid 
devices,  although  multiple  sources  are  preferred. 

The  Industry  data  sheet  forms  the  basis  for  the  military  specification 
Typically,  such  data  sheets  do  not  specify  all  of  the  necessary  parameters 
over  the  military  temperature  range  and  over  the  common -mode  voltage  range. 
The  JC-41  subcomnlttee,  or  the  device  originating  company,  usually  prepares 
a proposed  spec.  Ideally,  the  device  manufacturers  would  like  to  have 
these  proposed  specs  incorporated  without  further  consideration.  However 
RADC  and  General  Electric  experiences  In  this  current  program  have  shown 
that  all  of  the  proposed  specs  have  been  deficient,  and  are  unsuitable  for 
Issuance  "as  Is". 
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Data  provides  another  baae  for  determining  parameters  and  limits. 

Devices  for  test  are  purchased  from  distributors,  are  also  obtained  from 
manufacturers  via  RADC  request.  In  some  cases,  the  Industry-donated  sample 
Is  tested  by  a single  manufacturer  on  a volunteer  basis.  The  entire  sample 
Is  tested  further  on  a Tektronix  S3263  Automatic  Test  System  at  GE  Ordnance 
Systems  Electronic  Test  Center.  Data  obtained  at  -55*C,  +25*C,  and 
+125®C  ambient.  Is  statistically  analysed  and  reproduced  In  histogram  format. 
Recommended  limits  are  compared  to  the  statistical  sample  data.  Parameter 
limits  which  are  grossly  Inconsistent  with  the  data  are  readily  Identified. 

Additions,  changes,  and  alternate  approaches  are  discussed  at  the 
committee  level.  Device  anomalies  are  Identified  In  lab  bench  tests,  often 
using  a curve  tracer.  Failure  modes  are  also  identified.  User  caution 
notes  are  added  to  the  specification  If  it  Is  deemed  appropriate. 

Burn-in  circuits  are  usually  recommended  by  the  manufacturer  and  eval- 
uated by  RADC  and/or  GEOS.  At  this  time,  there  is  apparent  disagreement 
among  manufacturers  as  to  the  merits  of  reverse-bias  burn-ln  vs.  dynamic  and 
maximum  dissipation  burn-in. 

Device  schematics  are  presently  included  in  MIL-M-38510  slash  sheets. 

A recent  JC-A1  committee  recomnendatlon  Is  to  delete  the  schematics  and  to 
replace  them  with  a block  diagram  which  shows  the  basic  elements  of  the 
device. 

Rough-draft  copies  of  the  final  slash  sheet  are  prepared  at  GEOS  and 
are  forwarded  to  RADC  for  review.  DESC  distributes  copies  of  this  spec  for 
final  consents,  to  manufacturers  and  users  for  final  comments.  Following 
assessment  of  the  consents  by  all  concerned  parties,  DESC  prepares  and 
issues  the  slash  sheet. 
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QUAD  COMPARATOR 

I m 

2.1  Background  and  Introduction 

In  Interfacing  between  low  level  ana log  signals  and  digital  aye tens 
there  are  nany  applications  which  make  use  of  voltage  comparators. 

Zero  crossing  detectors,  level/window  detectors,  pulse  height  detectors 
and  pulse  generators  are  popular  application  circuits  of  comparators. 
Quad  voltage  comparators  have  some  additional  advantage  where  circuit 
density  and  low  power  dissipation  Is  required.  Because  of  pln-out  re- 
strictions. offset  voltage  trimming  and  strobing  are  not  available 
options. 

The  139  comparator  was  chosen  for  linear  characterization  and 
MIL-M-38510  slash  sheet  action  because  It  Is  popular  among  users.  Is 
multiple  sourced  from  many  manufacturers  and  has  good  performance 
characteristics  useful  for  many  applications. 


The  MIL-M-38510/112  specification  originated  from  National  Semi- 
conductor's LM139  data  sheets  and  a JC-41  joint  Industry  recommendation 
of  parameters,  test  conditions  and  limits.  These  recommendations  were 
then  modified  by  the  results  of  characterization  studies  at  GEOS. 

A new  Ingredient  for  characterization  was  tried  out  by  having  all 
Interested  manufacturers  ship  typical  devices  to  RADC.  RADC  unbranded 
and  serialized  these  devices.  This  mixed  Industry  sample  was  then 
sent  to  AMD  (Advanced  Micro  Devices)  a supplier  who  volunteered  to  test 
the  devices  to  their  standard  factory  test  tape.  The  data  and  devices 
were  then  sent  to  GEOS  via  RADC  for  analysis. 

In  addition  to  reviewing  the  AMD  data,  GEOS  built  a test  fixture 
and  wrote  e program  for  testing  the  device  on  its  S-3260  automatic  test 
•y****»  While  the  S-3260  adapter  and  program  were  being  developed, 
several  devices  were  analyzed  on  a Tektronix  577  curve  tracer.  The 
curve  tracer  was  useful  in  observing  how  each  of  the  standard  parameters 
(Vlo»  i liB  etc.)  changed  over  a range  of  test  condition  voltage.  Device 
trends  and  anomalies  found  with  the  curve  tracer  are  useful  in  developing 
the  automatic  test  procedures. 

The  test  program  and  slash  sheet  generation  were  done  in  parellel 
so  that  any  problems  could  be  exposed  and  resolved. 

2.2  Description  of  Device  Type 

Device  type  01  consists  of  four  Independent  voltage  comparators 
sharing  a common  power  source.  Low  power  operation  over  a wide  range 
of  supply  voltage  is  posslbla  because  of  the  current  source  biasing 
scheme  used.  A schematic  circuit  of  a single  comparator  In  the  quad  Is 
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shown  In  Figure  2-1.  PNP  translsCors  are  used  In  the  Input  so  that  each 
comparator's  common  mode  range  includes  ground  for  single  as  well  as  dual 
supply  voltage  applications. 

The  differential  input  voltage  range  is  equal  to  the  power  supply 
range.  In  low  voltage  applications,  the  input  can  exceed  the  positive 
supply  voltage  without  damaging  the  device.  If  large  negative  Input  ex- 
cursions are  possible,  diode  clamp  protection  should  be  added. 

An  open  collector  NPN  transistor  output  is  provided  with  the  device. 
This  permits  compatibility  with  many  logic  systema.  Also  the  outputs  of 
several  comparators  can  be  tied  together  for  output  OR'ing  applications. 

In  isost  applications  an  external  pull-up  resistor  is  required. 

2.3  Automatic  Teat  Development 

From  past  experience  It  was  decided  that.  In  order  to  maximise  the 
data  base  from  which  characteristic  limits  and  conditions  could  be  speci- 
fied, automatic  test  procedures  would  be  developed.  A test  program  and  an 
adapter  card  were  developed  for  the  GEOS  Tektronix  S-3260  Automatic  IC 
Test  System. 


Since  the  standard  test  parameters  for  comparators  have  been  previously 
defined  In  MIL-M-38510/103  minimum  effort  was  required  to  define  the  nec- 
essary types  of  tests.  Limits  recommended  by  JC-41  were  used  for  Initial 
testing. 

Figure  2-2  shows  the  test  circuit  schematic  for  the  S-3260  adapter 
and  the  MIL-M-38510/112  specification.  Any  one  of  the  four  comparators 
can  be  programmed  into  the  test  circuit.  A forcing  voltage  VA  applied  to 
the  inverting  Input  of  the  nulling  amplifier  causes  the  comparator  device 
under  test  (D.U.T.)  to  drive  Its  output  to  the  same  voltage.  Frequency 
compensation  la  provided  by  the  .047  uf  capacitor  at  the  D.U.T.  output. 

All  standby  comparators  have  a positive  IV  bias  voltage  applied  to  their 
Inverting  Inputs.  This  forces  base  drive  to  each  comparator's  output 
translator  and  thus  defines  its  standby  mode  output  state.  For  test 
purposes  this  tends  to  isaxlmlze  the  Iec  supply  current. 

Measurement  of  the  static  front  end  parameters  Is  permitted  by  the 
1000:1  gain  relationship  between  the  D.U.T.  differential  Input  and  the 
nulling  amplifier  output. 

In  order  to  permit  response  time  swasureamnts  to  be  amde,  the  features 
of  the  circuit  shown  in  Figure  2-3  were  combined  with  the  basic  circuit 
of  Figure  2-2. 

Table  2-1  shows  the  prograasslng  conditions  end  equations  for  the  tests. 
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2.4  Tabulation  of  Teat  Data 

Measurements  were  taken  on  two  sample  lots  as  follows: 

Lot  1-32  LM139 's  procured  from  distributors 

Lot  2-99  LM139's  supplied  by  several  manufacturers  and  initially 
tested  by  Advanced  Micro  Devices,  Inc. 

Table  2-2  shows  the  conditions  and  limita  programmed  into  the  S-3260 
for  testing  the  devices.  A typical  data  output  sheet  is  shown  in  Table 
2-3.  The  asterlcks  indicate  paramter  values  that  exceed  the  limits  of 
Table  2-2.  Tables  2-4,  2-5  and  2-6  are  statistical  data  suoaarles  of  lot 
2 for  25*C,  -55 °C  and  125°C,  excluding  devices  supplied  by  manufacturer 
"X"  (code  identifier).  Group  "X"  was  excluded  because  the  individual 
data  sheets  of  these  devices  showed  a much  higher  Incidence  of  failures 
than  the  other  devices. 

The  objective  of  each  of  these  summaries  was  to  get  a comparison 
between  the  statistical  data  and  the  Initial  (JC-41)  limits.  Estimated 
limits  were  used  when  no  other  specification  existed. 

A figure  of  merit  calculation  was  performed  on  each  parameter-data- 
limit  condition.  This  figure  of  mer<.t  indicates  how  many  standard  devia- 
tions (Sigma,  (T)  exists  between  the  data  mean  7 and  the  low  and  high  JC-41 
specification  limits.  Since  in  a normal  distribution  99.7%  of  the  data 
points  will  be  within  3T  ± 3(T  , the  figure  of  merit  is  one  indication  of 
how  tight  or  loose  the  Initial  limits  are. 

In  practice  a few  "way-out"  data  points  have  a big  effect  on  <T  and 
therefore  figure  of  merit.  To  counteract  this  effect  high  and  low  reject 
limits  (determined  by  Judgement)  were  included.  Any  data  points  beyond 
the  reject  limits  were  not  used  in  the  mean  and  sigma  calculations. 

The  first  data  reductions  yielded  many  figures  of  merit  which  were 
high  (greater  than  5).  Certain  parameter  limits  were  tightened  and  the 
data  reduction  was  rerun.  Tables  2-4,  2-5  and  2-6  were  generated  with 
revised  limits;  histograms  were  generated  for  all  of  the  data  groups. 

Limit  bars  were  drawn  on  each  of  the  histograms,  such  as  in  Figure  2-4. 

The  perspective  of  a data  histogram  with  limits  is  superior  to  any  other 
method.  For  the  purpose  of  this  report,  however,  the  statistical  sum- 
maries are  a condensed  way  to  show  the  data-to-limlt  relationships. 

Table  2-7  gives  a comparison  between  the  catalog  limits,  the  JC-41 
limits  and  the  limits  recommended  by  GEOS  for  the  /112  specification. 
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2.5 


Discussion 


2.5.1  Comparison  of  AMD  and  GEOS  Test  Results 

Since  99  devices  were  tested  at  both  AMD  and  GEOS  It  is  of  Interest 
to  know  how  well  the  data  compares.  There  are  fundamental  differences 
between  the  data  formats  and  some  of  the  tests.  The  AMD  data  is  organized 
in  a matrix  of  test  columns  and  serial  number  rows  so  that  variations  in 
parameter  values  between  different  devices  can  be  checked.  GEOS's  data 
sheet  format  in  Table  2-3  shows  all  parameters  for  a single  device.  Sev- 
eral tables  were  generated  to  display  data  comparisons  from  both  sources. 

Appendix  Table  A2-1  compares  the  AMD  and  GEOS  data  taken  on  S/N  1. 

How  well  the  data  compares  is  relative  and  depends  on  certain  criteria. 

At  GEOS  and  other  facilities  which  manufacture  or  test  Navy  Standard 
Electronic  Modules,  correlation  measurements  per  MIL-M-28787  are  required 
to  demonstrate  that  data  taken  on  one  tester  are  traceable  to  the  speci- 
fication and  the  data  of  other  correlated  testers.  MIL-M-28787  requires 
that  for  parameter  tolerances  greater  chan  or  equal  to  3 percent; 

Correlation  tolerance  ■ ± .11  (max  limit  - min  limit) 

Using  this  criteria  the  AMD  and  GEOS  data  correlate  with  only  a few  ex- 
ceptions. Table  A2-2  shows  an  overall  evaluation  of  the  devices  in' terms 
of  good /bad  or  pass/fall  criteria.  For  the  front  end  parameters  agree- 
ment was  fairly  good. 

Besides  the  data  format  differences  between  the  GEOS  and  AMD  test 
results  there  are  also  differences  in  parameter  types,  parameter  limits 
and  histogram  groupings.  AMD  type  parameters,  not  tested  at  GEOS,  were 
± Swing  and  Vjg  at  zero  common  mode.  GEOS  type  parameters,  not  tested 
at  AMD,  were  Vjo  drift,  l10  drift,  ± I1B  at  5 V,  i lw  it  5 V,  CMR,  Icc 
at  30  V and  response  times.  The  AMD  parameter  limits  differ  from  the 
JC-41  limits  in  Table  2-7  as  follows: 

1.  Vto  «t  -55  «£  Ta  £.  125*C  - ± 9 mV 

1.  ± Igg  upper  limit  ■ 10  nA  (max) 

3.  1^  at  -55  Ta  < 125*C  - 0.5  uA 

4.  V0L  at  -55  JIA1  125*C,  1 RA  And  5V  - 0.5  V (max) 

5*  Is  INK  «t  “55  i TA£  125*C,  1 RA  and  5V  - 5.7  mA  (min) 
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Both  the  AMD  end  GEOS  Individual  data  aheeta  have  limit  falluree 
Identified.  Although  hlatograma  exlat  for  both  data  aourcea.  Theae  can 
not  be  compared  directly  because  the  GEOS  data  Includes  all  four  com- 
parators In  a quad,  while  the  AMD  data  has  a histogram  for  each  comparator 

A review  of  the  GEOS  Individual  data  sheets  gave  the  following  yield 
Information  with  respect  to  the  initial  JC-41  limits. 

G.E.  Results  (per  quad) 

1.  Number  of  parts  tested  “ 99 

2.  Number  of  defective  parts  “ 19 

3.  Overall  yield  - "-'a  19  x 100%  - 81% 

4.  X Fail  - 100%  - 81 

5.  Individual  vendor  y 

a)  Cl  - CIO  yield 

b)  P3  - P10  yield 

c)  X2  - X10  yield 

d)  U1  - Ull  yield 

e)  Jl  - J10  yield 

f)  SI  - S6S  yield 

g)  G7  - G24  yield 

h)  Rl  - R20  yield 

6.  With  the  exception  of  the  X parts  most  failures  Involved  bias  current. 

2.5.2  Input  Offset  Voltage  Vjq  (±  CM) 

As  the  paraaMter  symbol  suggests  this  parameter  Is  measured  over  the 
Input  coamnn  mode  range,  which  la  from  the  negative  supply,  usually  ground 
and  to  within  2 volts  of  the  positive  power  supply.  The  histograms, 
aumsMrlas  and  data  sheets  indlcata  the  ± 5 mV  limits  to  be  well  chosen  for 
the  four  25*C  testa.  The  same  tests  at  -S5*C  and  125*C  had  Initial  JC-41 
recommended  limits  of  ± 8 mV.  Examination  of  tha  data  shows  that  limits 
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of  ± 7 mV  are  very  reaaonable;  3.69  wee  the  figure  of 
condition. 


irlt  of  the  worst 


2.5.3  Offset  Voltage  Temperature  Sensitivity  aVjq/  a t 

Most  measurements  were  very  much  better  than  the  proposed  JC-41  limits 
of  l 30  uV/*C.  The  theoretical  ^Vjq/ AT  for  a simple  differential  Input 
stage  would  be  3.3  uV/*C  x 5 ■ 16.5  uV/*C.  With  revised  units  of  ±25  uV/°C, 
the  worst  observed  figure  of  merit  was  5.74. 

2.5.4  Input  Offset  Current  Ifo  (*  CM) 

For  25  £ Ta  £ 125*C  applications  the  JC-41  Ijq  limits  of  ± 25  nA  are 
very  reasonable.  Although  the  data  shows  that  Ijq  Increases  with  decreasing 
temperature  the  JC-41  limits  of  ± 100  nA  at  -55°C  are  not  Justified.  With 
a compromise  value  of  ± 75  nA,  the  yield  on  this  -55aC  value  is  much  better 
than  that  with  1 25  nA  at  the  higher  temperatures.  The  revised  ± 75  nA 
limits  correspond  to  a worst  observed  figure  of  merit  of  7.52. 

2.5.5  Offset  Current  Temperature  Sensitivity  4 

With  cold  drift  limits  of  ± 400  pA/*C  and  hot  drift  limits  of  ± 300pA/°c 
the  summarized  data  minimum  figures  of  merit  are  5.96  and  5.30  respec- 
tively. The  JC-41  recommended  limits  were  ± 600  pA/*C  and  ± 300  pA/*C  for 
cold  and  hot  drift  respectively.  A figure  of  merit  of  8.96  would  result 
with  ± 600  pA/*C  limits. 

2.5.6  Input  Bias  Current  + IjB  (±  CM),  - IjB  (±  CM) 

From  a yield  criteria,  the  bias  current  tests  are  the  most  difficult. 
Since  these  tests  over  the  common  mode  range,  supply  voltage  and  tempera- 
ture have  the  most  failures.  It  is  of  Interest  to  see  where  they  occur 
and  if  a pattern  is  observable.  Shown  below  la  a tabulation  of  IjB  failures 
for  the  different  conditions. 


W 


-1  -100  -1  -200 


•1  -200 


>1  -100  -1  -100 


These  failures  are  based  on  a sample  else  of  396  (99  quads)  and  are 
supported  by  histograms.  Some  observations  seen  from  this  table,  the 
histograms  and  the  individual  data  sheets  are: 


The  30  V negative  common  node  tests  at  2S°C  have  the  most  low 
limit  magnitude  failures. 


2.  The  30  V positive  common  mode  tests  at  25*C  have  the  most  high 
limit  failures,  some  of  which  are  wrong  polarity  bias  currents 

3.  The  bias  currents  increase  with  decreasing  temperature. 

4.  Most  5 V bias  current  failures  occur  at  30  V also. 


2.5.7  Common  Mode  Rejection  CMR 


The  CMR  limits  of  76  and  70  dB  limit  at  30  V and  5 V respectively 
are  reasonable  for  the  device.  Most  observed  CMR  failures  also  had 
Vjo  (+  CM)  failures. 

2.5.8  Output  Leakage  Current  Icex 

The  specified  leakage  current  of  0.1  *iA  max  at  -55*C  ^ TA  £ 25*C 
and  1.0  uA  at  TA  - 125°C  is  reasonable  for  the  device  based  on  the  data. 
Most  devices  had  a measured  I^x  of  "-5  nA",  which  really  means  that  their 
valuea  were  less  than  the  measurement  resolution  of  the  test  system. 
Although  the  user,  in  general,  has  little  need  for  this  leakage  quality, 
the  specification  is  a good  indicator  of  surface  contamination. 


2.5.9  Input  Leakage  Current  + Ii 


Input  leakage  current  was  added  as  a specified  requirement  after  the 
S-3260  characterization  testing  had  been  completed.  The  purpose  of  this 
test  is  to  verify  that  the  differential  input  breakdown  voltage  is  greater 
than  34  volts  when  the  supply  voltage  is  36  volts. 

2.5.10  Low  Level  Output  Voltage  Vql 

The  saturation  voltage  of  the  device's  output  transistors  is  an  im- 
portant Interface  characteristic.  S-3260  data  was  taken  at  4 mA  and  6 mA 
of  output  sink  current.  In  order  to  have  law  saturation  voltage  at  a 
specified  level  of  sink  current,  the  output  transistor's  require  a com- 
bination of  adequata  base  drive  and  low  saturation  resistance.  The  tests 
verified  the  specification  for  4 mA  and  6 mA  drive  requirements.  It  was 
subsequently  decided  that  changing  the  6 mA  condition  to  8 nA  would  be 
more  useful. 


2.5.11  Power  Supply  Current  Icc 


Having  low  power  supply  current  over  a wide  range  of  Vcc  is  an  im- 
portant characteristic  of  this  device.  All  of  the  data  is  well  inside  the 
specified  maximum  current  limits.  It  was  decided  that  a liberal  specifi- 
cation on  this  parameter  is  justified  because  the  user's  benefit  of  a 
milllampere  of  supply  current  is  not  worth  taking  a possible  future  yield 
loss. 


2.5.12  Open  Loop  Voltage  Gain  AVS 

Most  of  the  measured  gains  were  better  than  the  specification  by  a 
factor  of  from  two  to  ten.  In  all  cases  where  gain  magnitude  failures 
were  observed,  the  comparator  had  other  front  end  failures  in  some  combina- 
tion of  ViQ,  I jo  and  iIb* 

Negative  gains  were  observed  in  10  out  of  396  devices.  There  were 
asterisk  (*)  on  the  data  sheets  for  visablllty  as  failures.  All  of  the 
devices  with  negative  gain  also  had  other  front  end  failures.  Conse- 
quently, any  devices  that  would  have  been  rejected  for  negative  gain  were 
rejected  for  other  parameter  failures  first.  Transient  thermal  effects 
cause  the  negative  gain  phenomenon. 

2.5.13  Response  Time  tRLH  , tRR1 

Response  time  for  the  low-to-high  and  high-to-low  transitions  are 
the  moat  important  dynamic  characteristics.  Although  these  tests  are 
usually  done  on  a sampled  bench  set  up  basis,  it  was  felt  that  getting 
a large  volume  of  automatic  tester  data  would  be  very  worthwhile. 

The  test  results  showed  that  at  five  millivolts  of  overdrive  the 
comparators  performed  very  much  better  than  the  JC-41  recommended  limit. 
This  la  especially  true  for  the  tgHL  response  time.  Testing  and  speci- 
fying response  time  at  50  millivolts  of  overdrive  was  done  so  that  the 
user  has  more  information  for  applications  having  greater  than  5 mV  of 
overdrive.  With  the  GEOS  recommended  limits,  data  figures  of  merit  from 
4 to  8.7  were  calculated. 

2.5.14  Channel  Separation  (CS) 

It  was  decided  not  to  add  provisions  for  channel  separation  testing 
to  the  S-3260  adapter  because  it  would  have  resulted  in  many  more  relays 
being  added  to  it.  Manual  test  data  was  taken  on  several  devices  using 
a Tektronix  577  curve  tracer,  modified  for  CS  testing  as  shown  in  Figure 
2-4.  The  Av  change  in  Vjq  used  in  calculating  channel  separation  varied 
between  0 and  0.2  millivolts.  With  this  data  the  minimum  observed  cal- 
culation results  in 


CS  - 20  log  39000  „ 103  dB 


i 
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This  is  better  than  the  proposed  80  dB  (min)  spec  limit  by  23  dB  or  a 
factor  of  14. 

2.6  Conclusions  and  Reconmendations 

The  preceedlng  paragraphs  have  discussed  the  characterization  effort 
and  properties  of  the  proposed  MIL-M-38510/112-01  quad  comparator.  For 
obvious  economic  reasons  the  complete  portfolio  of  device  data  sheets  and 
histograms  cannot  be  included  in  this  report.  A device  specification  has 
been  written  using  the  results  of  this  study.  A 200  page  report  on  the  139 
characterization  data  was  submitted  to  RADC  and  the  l.C.  vendors  in 
February  1978.  The  report  contains  99  device  data  sheets,  9 statistical 
sumaries  and  90  histograms.  Copies  may  be  obtained  by  contacting  GEOS  or 
RADC. 
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Figure  2-1  LM139  echeaetlc  circuit 
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\J  Test  circuit  pin  conditions  shell  be  ss  specified  in  the  schedule  of  this 
figure. 


2 J Subgroups,  test  temperatures  and  limits  shall  be  as  specified  in  Table  III. 


3/  As  required  to  prevent  oscillations.  Also,  proper  wiring  procedures  shall 
be  followed  to  prevent  oscillations.  Loop  response  and  settling  time  shall 
be  conslstant  with  test  rate  such  that  any  value  has  settled  to  within  5% 
of  its  final  value  before  measuring.  Suggested  values  shown  may  not  ensure 
loop  stability  for  all  layouts.  Actual  compensation  also  shall  be  approved 
by  preparing  activity  prior  to  use. 


4/  Precautions  shall  be  taken  to  prevent  damage  to  the  D.U.T.  during  insertion 
into  the  socket  and  change  of  relay  contacts. 


5/  Any  oscillation  greater  than  300  mV  (pk-pk)  shall  be  cause  for  device  failure. 


6 J Relays  K1-K4  select  the  comparator  under  test.  The  comparstors  have  IV  applied 
to  the  (-)  input  to  force  their  outputs  to  the  low  state. 


7 / These  resistors  are  ± 0.1%  tolerance  matched  to  ± .017..  All  other  resistors 
are  1 1%  tolerance  and  capacitors  are  10%  tolerance. 


ay  Common  mode  rejection  is  cslculated  using  the  offset  voltage  values  measured 
at  the  common  mode  range  end  points. 


9/  The  releys  shown  indicate  test  connections  only.  All  relays  are  shown  in 
their  de-energized  states.  Relay  colls  are  not  shorn. 


10/  To  minimize  thermal  drift,  the  reference  voltage  for  gain  measurement  E3 
shall  be  taken  immediately  prior  to  or  after  reading  E22  and  E23* 


1J J Saturation  of  the  nulling  amplifier  is  not  allowed  on  tests  where  E value 
is  measured. 


12/  The  equations  take  into  account  both  the  closed  loop  gain  of  1000  and  the 
scale  factor  multipliers,  so  that  the  calculated  values  are  in  Table  I and 
III  units. 


Figure  2-2  Test  circuit  for  static  and  dynamic  tests  (cont'd.) 
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NOTES 


Adjust  the  signal  generator  so  that  V^n  is  a 100  mV  pulse  train  with  a 
10  jus  pulse  width  at  50  kHz,  t_  „ and  tTOL  ^ 10  ns  and  ^ c*  S:  50ji_. 


2 . Setup  procedure 

a.  With  Vln  - 0,  adjust  V f from  -5.0  mV  to  + 5.0  mV  in  0.1  mV  steps 
and  stop  when  output  switches  from  high  to  low. 

b.  Change  Vref  from  the  value  obtained  ln(4>  above  by  the  required  V0D 
(overdrive)  . 

c.  Apply  Vln  and  measure  the  response  time. 

3.  All  resistor  tolerances  are  ± IX  and  all  capacitor  tolerances  are  i 10X 

4.  The  output  capacitance  Includes  scope,  probe  and  Jig  capacitance. 


Figure  2-3  Response  time  test  circuit,  (cont'd.) 
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Channel  separation  test  condition  & equations 


Applied  Voltages 


vin  VA  Measure 


<#  I (0) 


15  E 
15  E 


Equation 

(dB) 


CSj^  - 20  log  I 30000 

I E(1-2)H  * 


: (1—2) 


1 / The  above  table  shows  how  to  determine  channel  separation  CSj.2 
with  comparator  l as  the  driven  channel  and  comp.  2 as  the 
monitored  channel.  Repeat  for  all  combinations  of  driven  and 
monitored  channels  (l.a.  CS,3,  CS1  CS2.i,  CS2„3,  CS2.4, 

**®3-l*  ^4-1*  ^®4-2*  *n<*  ^4.3) 

Figure  2-54 . Channel  separation  test  circuit. 
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Table  2-4  LM139  data  at  25°C. 
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Table  2-5  LM139  data  at  -55°C. 
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Table  2-6  LM139  data  at  125  C 


Conditions 
5V^  +Vec  < 


Vce  - 30V  -55  (Ho  Spec)  (No  Spec)  - 5 

25  - 2 2 3 

125  ( Ho  Spec)  ( Ho  Spec)  - 3 

Table  2-7.  Quad  coaqMrator  M38510/112  (LM139)  Halts  comparison. 


Characteristic  Symbol  Conditions  5 V < + Vce  < 30  V 

(Paragraph  3.4  and  Figure  4 Units Dolts 

unless  otherwise  Indicated)  Min  I Max 


it  put  Leakage 


shall  be  measured  at  the  common  mode  extremes  at  30  V 


and  5 V as  shown  below 


Condition 


CMR  shall  be  calculated  from  Vin  measurements  defined  in  note  l / 


Table  2-8  MIL-M-38510/112-01  recommended  specification 


Characteristic  Symbol  Conditions  5 V + Vcc  30  V 

(Paragraph  3.4  and  Figure  4 Llnlts 

unless  otherwise  indicated)  Min  I 


level 


APPENDIX 


TABLE  A2-1 


LM139  DATA  CORRELATION 
BETWEEN  GEOS  AND  AMD 
S/N  I @ 25  *C 


Spec 

Llmlte 


Comp. 


GEOS 


Corr.* 

Llmlte 


Unite 


Corr. 


.785 

-1.43 

1.55 

1.61 


Yee 


1.19 

-1.05 

1.60 

1.11 


.834 

-.995 

1.30 

1.40 


.71 

1.49 


1.11 

-.64 


-100/-1 


100/-1 


No 

No 

Yee 

No 

Yee 

»• 

•• 

•« 


34.0 


±11 


l0g<+CM) 

0 30  V 


1.50 


2 (••x) 


All 


0 

-3.00 
0 
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TABLE  A2-1 


LM139  DATA  CORRELATION 
BETWEEN  GEOS  AND  AMD 
S/N  1 9 25#C  (cont'd.) 


GEOS 


Units 


Corr 


Limits 


Limits 


1/  Corr.  limit  ■ ± .11  x spec,  limit  range 


2/  Correlation  cannot  be  checked  since  the  tests  are  different 


TABLE  A2-2 


LM  139  DEVICE  EVALUATION 


Cl 

1 

C2 

2 

C4 

4 

C5 

5 

C6 

6 

C7 

7 

C8 

8 

C9 

H 

P3 

P4 

P5 

H 

P6 

14 

P7 

15 

P8 

16 

P9 

17 

18 

X2 

19 

X3 

20 

X4 

21 

X6 

22 

X7 

23 

X8 

24 

X9 

25 

X10 

26 

Xll 

27 

X13 

28 

AMD  Test  Results 


GEOS  Results  of  S-3260  Testing 


Good  | Bad  | Parameter  I Notes  kood  |Bad  | Parameter 


10  v ' 
VI0(4CM) 

Viq(+CM) 

i^b(-cm) 

vi0(-*cm) 

Vi0(-k:m) 

vi0(+cm) 

Vio(+CM) 

Vtq(4CM) 


Viq(-k:m) 


-Iib('KIM)  2,4/ 


IIn(-K:M) 


3.4,5/ 

X 

VI0(4CM) 

3,4,5/ 

3,4,5/ 

X 

X 

I * 

vJJckjm) 

1/ 

6/ 

X 

X 

VI0(+CM) 

375/ 

X 

VI0(+CM) 

3,4,5/ 

X 

VI0(+CM) 

3.5,6/ 

X 

+IIB(-CM) 

3,4, 5,6 

X 

vio(-k:m) 

3,5,6 

X 

VTn(+CM) 

4,5,6 

X 

-IjB (+CM) 

x +lIB(«CM) 
x -1iB(-k:m) 


Notes 
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TABLE  A2-2  (Cont'd) 


GEOS  Results  of  S-3260  Testing  | AMD  Test  Results 


Good  | Bad  (parameter  (Notes  I Good  | Bad  [ Parameter  I Notes 


+Iib(-CM)  3/ 
+ICEX 


I1B(-CM)  3,4,5, 


1/  Parameter  is  slightly  out  of  spec, 

2/  Wrong  polarity  bias  current 
3/  Low  limit  failure 
4/  High  limit  failure 
5/  Multiple  parameter  failures 
6/  Wrong  polarity  gain 

7/  There  is  a difference  in  VQL  test  criteria  between  the  GEOS  and  AMD 
teats  as  shown  below 


Vcc  - 4.5  V (GEOS) 
Vcc  - 5 V (AMD) 


Lo  Limit 


Hi  limit  Lo  limit  iHl  limit 


V0L  ® «L“lK  -55 ’C  < T. 

< 125*C 
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SECTION  III 


QUAD  OPERATIONAL  AMPLIFIER  MIL-M-38510/110 


3.1  Background  and  Introduction 


An  earlier  technical  report,  RADC-TR-78-22 , described  the  character- 
ization effort  and  results  on  quad  operational  amplifiers.  MIL-M-38510/110 
is  the  military  specification  on  the  following  devices: 


Device  t> 


Commerical  t} 


01 

LM148 

02 

LM149 

03 

4741,  4156 

04 

4136 

05 

LM124 

At  the  time  this  earlier  report  was  written,  complete  characterization  data 
on  device  type  05  was  not  available.  The  purpose  of  this  section  is  to 

update  the  information  in  the  earlier  report  , with  the  main  emphasis  on 
device  type  05. 

3.2  Description  of  Device  Types 


3.2.1  General  Characterisitics 


All  quad  op  amps  possess  certain  common  characteristics.  The  individ- 
ual amplifiers  are  similar  to  single  operational  amplifiers,  except  that, 
because  of  pin  out  restrictions,  external  compensation  and  offset  voltage 
adjustment  are  not  available  options.  All  have  a differential  input  stage 
in  order  to  provide  high  gain  for  differential  signals  and  much  lower  gain 
for  common-mode  signals.  These  two  inputs  are  called  inverting  (-)  and 
non-inverting  (+)  for  their  polarity  with  respect  to  the  output  signal. 
Different  techniques  are  used  in  the  design  of  these  front  ends,  depending 
on  the  electrical  parameters  to  be  enhanced.  Low  input  offset  voltage,  low 
bias  currents,  high  gain,  high  input  lmpednance  and  high  common  mode  re- 
jection are  the  main  desired  input  characteristics.  A level-shifting  stage 
which  provides  further  gain  couples  the  signal  to  the  output.  Internal 
frequency  compensation  is  generally  applied  to  the  in-between,  level-shifting 
stage.  The  output  stage  almost  always  is  in  the  form  of  a complementary 
emitter  follower  to  provide  a single-ended,  low -Impedance,  output  signal. 

Current  limiting  la  generally  Incorporated  in  the  output  stage  so  that 
shorts  to  ground  do  not  damage  the  op  amp.  Protection  for  shorts  to  either 
supply  voltage  also  exists  but  can  not  be  guaranteed  over  the  full  temper- 
ature range  because  the  175#C  maximum  Junction  temperature  will  be  exceeded. 


III-l 


Since,  from  an  application  point  of  view,  op  amps  are  generally  con- 
nected with  external  negative  feedback  to  establish  a precision  gain,  fre- 
quency compensation  must  be  applied  for  stability  reasons.'  Each  gain  stage 
of  an  op  amp  has  an  associated  break  frequency  at  which  the  gain  rolls  off 
from  its  DC  value.  An  accompanying  phase  shift  of  45°  occurs  at  the  break 
frequency.  This  Increases  to  90s  at  ten  times  the  break  frequency.  If  the 
sum  of  the  stage  phase  shifts  equals  180°  before  the  loop  gain  magnitude 
has  been  rolled-off  to  unity  or  0 db,  the  amplifier  will  oscillate.  An 
internal  frequency  compensation  capacitor  connected  across  a gain  stage 
provides  a Miller  effect  capacitance  to  roll  the  gain  off  at  20  db/decade. 
In  this  way  the  gain  is  reduced  before  the  stage  phase  shifts  can  render 
the  system  unstable. 

3.2.2  Unique  Device  Characteristics 

The  following  devices  were  chosen  early  in  the  characterization  effort 
to  be  candidate  types  for  the  /110  specification.  These  selections  were 
based  on  JC-41  recommendations,  user  anticipated  need  and  enough  difference 
in  a major  parameter  to  warrant  another  device  type  category. 

3. 2. 2.1  Device  type  01  (LM148) 

This  device  is  a general  purpose  op  amp  with  characteristics  similar 
to  the  /101-01  (741).  NPN  transistors  are  used  in  the  input  stage.  This 
yields  positive  polarity  input  bias  current.  Its  offset  voltage  specifi- 
cation is  worse  than  its  single  counterpart  (l.e.,  +6  mV  versus  ±4  mV  over 
the  military  temperature  range,  -55°C  ^ Ta  < 125°C).  The  only  parameter 
where  this  quad  op  amp  is  better  than  its  single  counterpart  is  in  supply 
current  (i.e.,  4.5  mA  for  4 op  amps  versus  4.2  mA  for  one  op  amp  at  -55*C). 
A few  picofarads  of  internal  compensation  capacitance  gives  the  device  a 
specified  transient  response  rise  time  of  one  microsecond  (maximum) . A 
schematic  of  one  op  amp  in  the  device  is  shown  in  figure  3-1. 

3. 2. 2. 2 Device  type  02  (IM149) 

The  characteristics  of  this  device  are  identical  with  type  01  except 
for  frequency  compensation.  Instead  of  conventional  unity  gain  compensa- 
tion, this  op  amp  is  compensated  for  a minimum  closed-loop  gain  of  5.  Thus 
the  bandwidth  is  extended  by  a factor  of  five  at  the  expense  of  unity  gain 
stability. 

3. 2. 2. 3 Device  type  03  (4156/4741) 

Figure  3-2  shows  device  type  03.  It  has  a PNP  differential  input  and, 
consequently,  negative  polarity  bias  current.  At  the  expense  of  power 
supply  current,  type  03  has  a faster  transient  response  and  lower  noise 
specs  than  type  01. 


3. 2. 2. 4 Device  type  04  (4136) 

Device  type  04  is  very  similar  to  the  type  03  except  for  Its  non- 
standard pin  out.  In  general  Its  specifications  are  more  liberal  than  for 
the  type  03.  It  Is  one  of  the  oldest  quad  op  amps  and,  consequently,  has 
many  vendors.  By  specifying  this  device  In  /U0,  existing  user  applications 
are  better  protected  than  they  would  be  otherwise.  This  device  Is  not 
recommended  for  new  design.  The  schematic  Is  shown  In  figure  3-3. 

3. 2. 2. 5 Device  type  05  (LM124) 

All  the  previously  mentioned  op  amps  require  dual  power  supplies. 

Device  type  05,  on  the  other  hand,  Is  meant  to  operate  from  a single  supply. 
Its  main  advantage  Is  In  low  power  and  single  power  applications.  The  Input 
stage  Is  designed  with  PNP  transistors  thus  permitting  the  consnon  mode 
range  to  Include  ground.  The  output  stage  has  a 50  uA  pull-down  current 
source  so  that  it  can  swing  to  ground  for  light  loads.  Dual  supply  opera- 
tion is  possible;  however,  since  the  output  is  a class  B configuration 
crossover  distortion  will  be  present. 

Where  TTL  Interfacing  is 
needed  this  device  can  be  used  with  a pull-down  resistor.  Unlike  a TTL 
output,  the  output  of  this  device  Is  much  stronger  on  sourcing  than  sinking 
current.  Device  type  05  is  shown  In  figure  3-4. 

3.3  Test  Procedures 

Unlike  the  other  operational  amplifiers  - 01  through  - 04  In  the 
MIL-M-38510/110  specification,  device  type  05  was  designed  for  single  power 
supply  operation.  It  also  has  Important  applications  In  driving  digital 
loads.  For  these  reasons  several  parameters  in  the  specification  are 
unique  to  device  type  05.  Figure  3-5  shows  the  test  circuit  for  quad  op 
amp  static  tests.  Table  3-1  shows  how  the  test  circuit  is  programed  for 
most  tests.  In  order  to  perform  the  Vql  output  voltage  tests  with  a cur- 
rent source  It  was  necessary  to  add  relay  Kll.  The  only  other  change 
specifically  added  for  device  type  05  testing  is  the  10  K£l  load  and  relay 
K9.  Except  for  these  changes,  the  test  procedure  Is  the  same  as  described 
In  the  previous  quad  operational  amplifier  report. 

The  S-3260  quad  op  amp  test  fixture  was  modified  accordingly.  The 
major  change  made  to  the  S-3260  test  program  was  to  compare  the  amasured 
data  to  the  specification  limits  and  then  print  an  asterisk  for  each  "out 
of  spec  parameter.  Without  this  feature  It  is  very  time  consuming  to 
locate  paramter  failures.  Thirty-two  (32)  devices  or  128  op  amps  were 
tested  on  GEOS's  Tektronix  S-3263  test  system. 

Transient  response  testing  was  done  on  a few  samples  on  a bench  teat 
basis.  Figure  3-6  illustrates  the  procedure  for  transient  response  testing. 
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3.4  Tabulation  of  Data  and  Characteristics 


32  devices  from  4 vendors  were  teated.  A typical  data  sheet 
is  shown  in  Table  3-2.  The  time  required  to  take  these  measurements  over 
temperature  and  print  out  the  results  was  under  four  minutes  per  device. 

The  data  was  also  logged  into  a file  so  that  a statistical  analysis  could 
be  done  on  all  the  devices  in  the  group.  Tables  3-3,  3-4  and  3-5  are  sta- 
tistical summary  sheets  which  were  generated  to  show  how  well  the  data 
fits  the  specified  limits.  Most  of  the  column  headings  are  self  explanatory. 
Low  and  high  figures  of  merit  were  calculated  to  determine  how  many  stan- 
dard deviations  (<$*  , sigma)  exist  between  the  data  mean  and  the  low  and 
high  parameter  limits. 

Since  in  a normal  distribution  99.77.  of  the  data  is  within  ± 3<T  . 
each  figure  of  merit  is  a good  indicator  of  how  loose  or  tight  the  data  is 
with  respect  to  the  specified  limits.  It  was  arbitrarily  decided  that  if 
the  figures  of  merit  were  greater  than  5 or  less  than  1 some  corrective 
action  to  the  test  conditions  or  limits  should  be  considered.  Observations 
showed  that  a few  "way-out"  failed  data  values  tend  to  degrade  sigma  and 
consequently  the  figure  of  merit  also.  High  and  low  reject  limits  were 
added  to  exclude  "grossly  out-of-spec"  data  from  the  statistical  calcula- 
tions. 

Although  the  statistical  suranaries  are  a good  economical  way  to  show 
the  data  to  limit  relationships,  they  are  not  as  comprehensive  as  individ- 
ual histograms  for  each  parameter  - temperature  combination.  Consequently, 
histograms  were  generated  to  help  assess  where  the  parameter  limits  should 
be  established.  A typical  histogram  is  shown  in  figure  3-7.  Proposed 
limits  were  added  later  cn  to  each  of  the  S-3260  histograms. 


Table  3-6  compares  the  worst  case  X i 3(J*  limits  against  the  specifi- 
cation limits. 


3.5  Discussion 

The  purpose  of  this  discussion  is  to  describe  the  characterization 
study  results  with  regard  to  the  device  electrical  parameters.  Emphasis 
la  on  device  type  05  since  the  other  types  were  discussed  in  technical 
report  RADC-TR-78-22.  In  general,  the  data  values  and  the  final  adjusted 
specification  limits  are  in  good  agreement.  Additional  consents  on  a 
parameter  by  paraawter  basis  follow: 


I 
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3.5.1  Viq»  Input  Offset  Voltage 

It  was  originally  intended  that  this  parameter  be  tested  and  specified 
under  four  conditions,  such  that  for  + Vcc  ■ 5 and  30  V,  the  input  coanon 
node  range  be  from  " Vcc  at  OV  to  2V  below  + Vcc.  Teat  results  showed  that 
with  Vcc  ■ 5 V and  Vcn  ■ + .5  V,  the  limits  would  have  to  be  doubled  for 
acceptable  yields. 

By  reducing  the  upper  common  mode  range  limit  from  + ,5V  to  0V  at  Vcc  “ 
5V,  conslstant  limits  could  be  maintained. 

3.5.2  /i  V^o/AT , Offset  Voltage  Temperature  Sensitivity 

With  most  of  the  data  values  within  ± 20^»V/*C,  limits  of  ± 30 ^V/*C 
sre  safe  and  reasonable. 

3.5.3  IiO.  Input  Offset  Current 

The  lowest  yield  condition  for  I^q  occurs  at  -55*C  with  high  supply 
voltage  and  high  common  mode  input.  The  comments  of  3.5.1  also  apply  here. 

3. 5. A AIjo /AT,  Offset  Current  Temperature  Sensitivity 

As  with  AV../AT,  this  parameter  is  specified  at  low  supply  voltage 
and  low  common  mode  voltage.  The  -55°C  yield  of  thia  parameter  is  96.1% 
with  the  recommended  limits  of  1 700  pA/°C.  & failures  commonly 

occurred  with  I^q  and  I^B  failures. 

3.5.5  +IiB.  _IiB*  InPut  Bias  Current 

Wrong  polarity  bias  current  caused  occasional  failures  at  the  high 
coanon  mode  input  condition.  Breakdown  of  the  PNP  base  collector  input 
Junction  is  suspected  for  those  failures.  Overall  yield  on  bias  current 
tests,  were  much  better  for  device  type  05  than  type  01.  The  deleted  low 
supply,  high  common  mode  condition  mentioned  in  3.5.1  had  the  most  wrong 
polarity  bias  current  failures  for  device  type  05. 

3.5.6  PSRR(+) , Power  Supply  Rejection  Ratio 

Data  values  for  PSRR  were  comfortably  inside  the  ± 100 ja  V/V  speci- 
fication limits. 

3.5.7  CMR,  Common  Mode  Rejection 

This  parameter  la  calculated  from  the  V^q  change  over  the  input  cosaeon 
mode  range.  Consequently,  there  is  a close  relationship  between  Vy)  and 
CMR  failures.  The  worst  condition  at  -55*C  had  a CMR  yield  of  94%  agelnat 
a 76  dB  (min)  limit. 
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3.5.8  + Ios  , Output  Short  Circuit  Current  (for  + output) 


With  a minimum  limit  of  -70  mA,  there  were  no  failures  on  this  para- 
meter. Typically,  the  output  short  circuit  current  for  sourcing  is  between 
30  and  50  mA  and  the  magnitude  decreases  with  increasing  temperature. 

3.5.9  Icc  , Power  Supply  Current 

Supply  current  was  tested  at  Vcc  " 5V  and  30V  during  the  S-3260  char- 
acterization tests.  Since  the  low  voltage  Icc  is  approximately  70%  of  the 
value  at  30  V,  only  one  test  was  deemed  necessary  for  the  specification. 

Typical  values  of  Icc  are  50  to  1007.  less  than  the  recommended  limits. 

No  benefit  is  seen  in  tightening  the  limit  because  the  one  to  2 mA  of 
margin  would  not  help  power  supply  loading  estimates  that  much. 

3.5.10  + Vgp  , Output  Voltage  Swing 

Maximum  output  voltage  swing  is  generally  well  behaved  with  a tight 
histogram  pattern.  All  observed  failures  were  associated  with  multiple 
failures  in  other  parameters.  This  is  not  too  surprising  since  good  V0p 
performance  is  mainly  a function  of  the  output  Darlington  transistor  stage. 

3.5.11  A yg.  Open  Loop  Voltage  Gain 

Of  all  the  parameter  tested.  Ays  data  forms  the  worst  histogram  in  terms 
of  "bell  shape"  criteria.  The  effect  of  thermal  feedback  in  conjunction  with 
output  loading  and  high  open  loop  gain  gives  rise  to  a non  linear  input- 
output  relationship.  Wrong  polarity  gains  were  not  uncommon.  No  devices 
failed  Ay§  without  falling  other  front  end  tests  as  well.  Although  GEOS  is 
in  favor  of  deleting  the  2K/Ll°ad  requirement,  the  vendors  state  that  thla 
condition  is  needed  to  verify  output  swing  linearity. 

3.5.12  Vql.  Low  Level  Output  Voltage 

Low  l,evel  output  voltage  is  a parameter  one  normally  associates  with 
digital  circuits  and  not  op  amps.  Since  device  type  05  is  commonly  inter- 
faced to  digital  circuits,  it  is  important  to  specify  its  drive  capability 
for  such  applications.  Three  conditions  of  Vql  are  specified.  For  TTL 
applications  it  is  important  to  specify  the  drive  current  for  Vcc  (min)  ■ 

4.5  V and  Vq^  (max)  • 0.4  V.  Over  the  temperature  range,  the  data  indi- 
cates a maximum  test  current  of  only  2 uA  can  be  specified  and  still  have 
good  yields.  For  higher  current  sinking  applications  with  Vcc  ■ 30  V,  a 
5 mA  test  current  results  in  a typical  V0L  of  IV.  A 1.5  V (max)  limit  was 
specified.  The  third  Vql  specification  with  a 10  K.A.  load  guarantees  that 
the  output  current  source  is  working.  Data  for  this  test  shows  that  a 
35  mV  (max)  limit  is  reasonable. 
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3.5.13  Vqh • High  Level  Output  Voltage 

The  companion  specification  to  Vql  Is  voh*  defines  the  high 

level  output  voltage.  Device  type  05,  unlike  a TTL  output,  is  much  stronger 
in  a current  sourcing  mode,  than  a current  sinking  mode.  Thus  at  10  mA  of 
source  current  with  supply  voltages  of  30  V and  4.5  V,  minimum  Vqh 
levels  of  27  V and  2.4  V respectively  can  be  specified. 

3.5.14  TR  (tr) , TR  (os),  Transient  Response  (risetime),  (overshoot) 

Transient  response  measurements  were  not  made  automatically  on  the 
S -3260  test  system  as  were  the  previous  parameters.  Oscilloscope  observe- 
tions  of  several  sample  devices  showed  that  transient  response  rise  time 
and  overshoot  depend  quite  significantly  on  input  common  mode  conditions. 
Thus  in  a standard  single  supply  application,  device  type  05  is  not  as 
responsive  to  ground  referenced  signals  as  it  is  to  pulse  Inputs  riding  on 
a D.C . bias.  Waveforms  to  Illustrate  this  are  shown  in  figure  3-8.  Tran- 
sistor saturation  effects  cause  the  response  to  be  slower  with  less  over- 
shoot. 


After  some  consultation  with  device  manufacturers,  it  was  decided  that 
since,  in  the  usual  case,  op  amp  transient  response  is  specified  with  the 
device  in  the  linear  mode,  the  same  conditions  should  apply  to  a single 
supply  op  amp.  Using  this  rationale,  the  /110  slash  sheet  is  being  proposed 
with  the  50  mV  pulse  referenced  to  + 5 V. 

3.5.15  SR  (+)  and  SR  (-) , Slew  Rate 

Typical  data  indicates  that  the  - 05  can  slew  at  a rate  of  0.5  V/^s. 

A minimum  limit  of  0.1  V/^s  is  considered  reasonable  for  temperature  and 
yield  variations. 

3.5.16  Nl  (BB) , Nl  (PC),  Broadband  and  Popcorn  Noise 

Broadband  and  popcorn  noise  was  observed  with  a curve  tracer  on  a 
small  sample  of  devices.  The  observed  maximums  of  lO^Vrms  and  5^«Vpk  are 
conservatively  inside  the  recomnended  limits. 

3.5.17  CS,  Channel  Separation 

Curve  tracer  observations  on  a few  devices  indicates  that  there  is 
better  than  a 20  dB  margin  between  the  minimum  limit  of  80  dB  and  worst 
observed  data.  Channel  separation  is  measured  on  a D.C.  basis  by  the 
effect  of  a driven  op  amp  on  the  offset  voltage  of  the  other  monitored  op 
amps.  This  D.C.  method  is  easier  to  mechanize  in  an  automatic  tester  than 
an  equivalent  A.C.  method. 


3.6  Conclusions  and  Recommendations 


Thirty-two  (32)  device  data  sheets,  three  statistical  summary  sheets 
and  133  parameter/condition  histograms  were  generated  in  order  to  determine 
typical  device  performance. 

The  results  of  the  quad  operational  amplifier  characterization  effort 
show  that  the  data,  in  general,  supports  the  recommended  limits  proposed  by 
JEDEC  JC-41 . 

One  area  where  the  /110-05  specification  differs  from  the  original 
JC-41  recommendations  is  with  regard  to  output  current  sourcing  and  sinking. 
The  JC-41  specification  measures  the  output  sink  and  source  currents  with 
test  conditions  of  + Vcc  “ 30  V and  VQ  3 15  V.  The  /110-05  specification 
forces  test  source  and  sink  currents  and  then  measures  the  output  voltage 
to  determine  if  Vqh  (min)  and  Vql  (max)  are  in  tolerance.  How  close  the 
device  output  can  get  to  the  supply  rails  is  not  determined  in  the  JC-41 
test. 


The  quad  op  amp  specification  contain  parameter  limits  and  test 
conditions  which  best  compromise  user  needs  and  vendor  yields. 


Table  3-7  shows  the  electrical  specifications  as  incorporated  in 
MlL-M-38510/110,  dated  25  May  1978. 

The  bulk  characterization  data  was  issued  in  a bound  report  to  repre- 
sentatives of  the  linear  IC  manufacturers  on  6 July  1978.  Copies  of  this 
data  are  available  at  RADC  and  CEOS. 
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Figure  3-5.  Teat  circuit  for  atatlc  teats. 
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TABLE  3-1.  Test  table  for  static  testa 


TABLE  3-1.  Teat  table  for  atatlc  teata.  (cont'd.) 


r 


■ 


TABLE  3-1  NOTES 


1/  Selection  of  the  op  amp  under  teat  la  made  with  relay  contacta 
Kl,  K2,  k3  and  K4.  Use  the  parameter  table  to  determine  which 
others  need  to  be  energised  for  a particular  test. 

2/  Common  mode  rejection  la  calculated  ualng  the  offset  voltage 
values  measured  at  the  common  mode  range  end  points. 

3/  Stabilizing  capacitors  may  be  added  as  required  if  needed  to 
prevent  oscillation.  Also,  proper  wiring  procedures  shall  be 
followed  to  prevent  oscillation.  Loop  response  and  setting  time 
shall  be  consistent  with  the  test  rate  such  that  any  value  has 
settled  for  at  least  5 loop  time  constants  before  the  value  Is 
measured. 

4/  Precautions  shall  be  taken  to  prevent  damage  to  the  D.U.T.  during 
insertion  into  socket  and  change  of  switch  positions  (e.g.  disable 
voltage  supplies,  current  limits). 

5/  Rs  - 20  KiL  for  -01,  02,  03,  04  and  05. 

6/  All  relays  are  shown  in  the  normal  de-energized  state. 

7/  Only  one  op  amp  at  a time  shall  be  tested  with  a short  to  ground 
for  t f 25  ms. 

8/  Any  oscillation  greater  than  300  mV  in  amplitude  (pk  - pk)  shall  be 
cause  for  device  failure. 

9/  To  minimize  thermal  drift,  the  reference  voltage  for  gain  measurement 
E3  shall  be  taken  imnediately  prior  to  or  after  the  reading  corre 
sponding  to  device  gain  (E21,  E22»  E23  and  E24) . 

10/  All  resistors  are  ±0.171  tolerance,  capacitors  are  ± 107.  tolerance. 

11/  Adequate  settling  time  shall  be  allowed  such  that  each  parameter  has 
settled  to  5%  of  its  final  value. 

12/  Popcorn  noise  (Eq)8  shall  be  measured  for  15  seconds.  Breadboard 

noise  (Eo) 7 shall  be  measured  with  an  RMS  voltmeter  with  a bandwidth 
of  10  Hz  to  5 kHz. 

13/  Saturation  of  the  nulling  amplifier  is  not  allowed  on  tests  where 
E value  is  measured. 
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14/  The  load  resistors  (2040  and  11. 1 K A.)  yield  effective  load 
resistances  of  2 K ^Vand  10  kA  respectively. 

15/  The  equations  take  Into  account  both  the  loop  gain  of  1000  and  the 

scale  factor  multiplexer,  so  that  the  calculated  value  Is  In  Table  III 
units.  Therefore,  use  measured  value/units  In  the  equations  Is  l.e. 

El  (volts) . 


16/  The  programmable  current  source  Is  used  to  exercise  the  drive  capability 
of  device  type  05  for  sourcing  IQH  and  sinking  IQL. 


Transient  response  parameters  and  equations 


Parameter 

Symbol 


Pulse 

Generator 

Measure 

+50  mV  amplitude 

A t 

Waveform  1 

+50  mV  amplitude 

A V 

Waveform  1 

-5V  to  + 5V 

Step 

A Vo  <+),At  (+) 
Waveform  2 

| 

+5V  to  + 5V 

Step 

A Vo  <-),At  (-) 
Waveform  3 

-IV  to  + IV 

Step 

A Vo  (+)  , A t (+) 
Waveform  2 

+1V  to  - IV 

Step 

A Vo  (-).At  (-) 
Waveform  3 

+5V  to  + 15V 

Step 

A Vo  (+) , At  (+) 
Waveform  2 
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Table  3-5.  LM  124  StatUtlca  at  125*C 


VALUE  AT  2 FROM  PIXD 124.  LOG*  OP  A llil4:50  12  DEC  77 
MAGNITUDE  OF  AVS(+)  RL«10K  AT  25  DEG  C 


TR(tr)  ■ 0.4  us 


TR(tr)  - 1.4  us 
TR(os)  - 12% 


Figure  3-8.  LM  124  Transient  Response*  v.s.  Power  Supply 
Conditions. 

(sheet  2 of  2) 

* Pulse  generator  rise time  ■ 30  ns 


Parameter  Conditions 
Symbol  5V  <,+  V * 3 


Table  3-6.  Device  type  -05  limits  comparison 


Table  3-6.  Device  type  -05  limits  comparison  (cont'd.) 


rformance  characteristics  -Continued. 


III-29 


TABLE  3-7.  MIL-M-38510/110  electrical  specifications,  (cont'd.) 


1/  Device  types  01-04  shall  be  tested  at  VCM  * 0,  +15  V and  -15  V with  *VCC  * ±20  V;  and  at 

VCM  * 0 V and  -2.5  V with  \VCC  * *5  V.  Device  type  05  shall  be  tested  at  VCH  ■ 13  V and 
-15  V with  +VCC  * 30  V and  -Vcc  * 0;  and  at  * 0 and  2.5  V with  +VCC  ■ 5 V and  -Vcc  ■ 0. 

2/  CMR  Is  determined  by  measuring  Input  offset  voltage  as  follows: 


t)e vice  types 

Offset  voltage 

01  - 04 

05 

condition 

+VCC 

-vcc 

V0 

+VCC 

"VCC 

V0 

un  i is 

1 

35 

-5 

15 

30 

0 

15 

V 

2 

5 

-35 

-15 

2 

-28 

-13 

V 

3/  Continuous  limits  will  be  considerably  lower  and  apply  for  -55*C  < < 25*C. 

4/  lc(.  limits  are  the  total  for  all  four  amplifiers  at  no  load,  connected  as  grounded  followers. 

5/  Device  type  05  transient  response  Is  spectfted  with  the  tnput  pulse  referenced  to  5 V.  For 
applications  purposes  the  device  may  be  operated  with  the  Input  referenced  to  ground,  however, 
saturation  effects  will  cause  the  response  time  to  Increase  by  approximately  50  percent. 


TABLE  3-7.  MIL-M-38510/110  electrical  specifications.  (cont'd). 
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SECTION  IV 


Bi-FET  OPERATIONAL  AMPLIFIER 


4.1  Background  and  Introduction 

Bl-FET  operational  amplifiers  represent  a new  class  of  devices  in  the 
evolution  towards  perfecting  the  ideal  op  amp.  As  the  name  of  the  process 
implies,  Bi-FET  op  amps  combine  bipolar  and  J-FET  transistors  on  a mono- 
lithic Integrated  circuit.  This  marriage  of  technologies  combines  standard 
bipolar  linear  processing  with  ion  implantation.  The  op  amp  parameters 
which  are  enhanced  by  the  Bi-FET  process  are  high  input  impedance,  low  out- 
put impedance,  wide  bandwidth,  high  slew  rates  and  low  noise.  Since  the 
debut  of  Bi-FET  op  amps,  users  have  been  interested  in  incorporating  them 
into  new  designs.  k 

A review  of  linear  device  applications  in  military  systems  as  well  as 
a priority  list  of  the  JC-41  Committee  were  key  reasons  to  characterize 
Bi-FET  op  amps  for  MIL-M-38510  procurement. 

4.2  Device  Type  Description 

A typical  schematic  circuit  of  a Bi-FET  op  amp  is  shown  in  Figure  4-1. 
Matched  J-FET  transistors  are  used  for  the  differential  input  gain  stage, 
the  input  current  source  loads  and  the  offset  adjustment  control.  The  drain 
outputs  of  the  input  J-FETS  feed  a bipolar  transistor  differential  stage. 
Signal  conversion  from  differential  to  single  ended  is  made  at  the  collector 
of  Q8.  Since  current  sources  exist  at  both  the  source  and  drain  terminals 
of  the  input  J-FETS,  some  mechanism  must  also  exist  to  deal  with  the  excess 
common  mode  current  which  is  sourced  from  Ql,  but  not  sunk  by  J10  and  Jll. 
Common  mode  feedback  from  the  differential  bipolar  stage  current  source  to 
the  source  terminals  of  Jl  and  J2  solves  this  problem. 

With  J-FET  input  transistors  the  op  amp  bias  currents  + IiB,  and  - 1^ 
are  much  smaller  than  is  possible  with  bipolar  transistors.  Since  these 
currents  are  leakage  currents,  they  are  temperature  sensitive  and  approxi- 
mately double  for  every  10  °C  increase  in  temperature.  Low  noise  and  good 
high  frequency  response  are  other  benefits  of  the  J-FET  front  end  transistors. 
The  single  ended  output  signal  from  Q8  and  its  J3  current  source  load  is 
further  amplified  by  the  class  B output  stage.  This  output  stage  is  a 
little  unusual  in  that  a J-FET,  J5,  complements  the  other  bipolar  output 
transistors.  This  design  configuration  eliminates  the  need  for  a PNP  out- 
put current  sinking  transistor.  The  output  J-FET  also  Improves  the  stabil- 
ity of  the  op  amp  In  driving  large  capacitive  loads. 
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A Bi-FET  op  amp  with  bias  current  compensation  is  shown  in  Figure  4-2. 

This  design  technique  is  used  to  maintain  low  bias  currents  at  elevated 
temperatures . 

4.3  Automatic  Test  Development 

Developing  the  tests  for  the  Bi-FET  op  amps  was  done  in  a manner  simi- 
lar to  previous  quad  op  amp  characterizations.  A test  program  and  an  adapter 
card  were  developed  in  order  to  enable  testing  with  GEOS'  Tektronix  S-3260 
automatic  IC  test  system.  While  the  program  and  adapter  were  being  developed 
several  devices  were  analyzed  on  a Tektronix  577  curve  tracer.  This  manual 
test  phase  is  good  for  discovering  anomalies  and  possible  automatic  tester 
problems.  During  the  early  characterization  phase,  GEOS  had  a requirement 
to  production  test  several  types  of  op  amps  for  a military  system.  For 
economic  considerations  it  was  decided  to  build  a universal  op  amp  tester 
which  could  be  programmed  to  test  741's,  LMl08A's  and  the  LF155  series  Bl-FETS. 

Only  limited  success  was  achieved  with  the  programmable  tester.  Although 
all  741  type  and  most  Bi-FET  static  parameters  could  be  tested,  the  Bi-FET 
configuration  was  not  stable  in  the  test  modes  for  I^q  and  + l^g.  In  these 
modes  5 megohm  resistors  are  switched  in  to  the  op  amp  inputs,  so  that  the 
low  (plcoamp)  bias  currents  can  make  a measurable  effect  on  the  offset 
voltage.  The  complexity  of  the  test  adapter  prevented  any  simple  circuit 
"fixes"  from  working.  Bench  observations  of  a tightly  configured  "breadboard" 
test  circuit  showed  that  the  length  and  location  of  the  non-inverting  input 
wiring  determined  whether  the  circuit  would  be  stable,  oscillate  or  be 
sensitive  to  60  Hz  pickup. 

An  antenna  wire  on  the  non-inverting  input,  depending  on  its  placement, 
could  yield  a mix  of  sustained  oscillations  and  60  Hz  pickup  as  well.  The 
sensitivity  to  these  disturbances  was  much  less  severe  on  the  inverting 
input,  and  also  when  the  5 M^j.  reslstor(s)  was  (were)  shorted  out.  Capaci- 
tance added  from  the  non-inverting  input  to  ground  is  also  helpful  in  stabi- 
lizing the  test  circuit.  Using  the  Information  from  these  observations  a 
second  adapter  was  built.  This  new  adapter  was  built  with  the  following 
characteristics : 

1.  The  D.U.T.  (device  under  test)  socket  and  all  associated  components  were 
designed  on  an  artwork  for  an  etched  copper  printer  circuit  board. 

2.  The  D.U.T.  (+)  and  (-)  input  runs  to  their  connections  were  made  as  short 
as  possible. 

3.  Relay  cans  were  grounded. 

4.  The  component  side  of  the  board  and  much  of  the  run  side  of  the  board 
were  left  as  copper  ground  planes. 
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5.  After  the  component  lead  holes  were  drilled,  all  ungrounded  holes  had 
copper  removed  with  a fluted  drill  bit. 

6.  De-coupling  capacitors  were  added  as  close  as  possible  to  the  T.C.  VCc's. 
A test  circuit  is  shown  in  Figure  4-3. 

This  circuit  is  very  similar  to  the  standard  op  amp  test  circuit  for 
bipolar  devices.  One  major  difference  is  that  with  relay  K8,  the  bias  cur- 
rent measurement  resistors  can  be  programmed  for  5 Myj_or  100  K./U  . This 
feature  is  required  in  measuring  Bi-FET  bias  current  over  the  25®C  - 125#C 
temperature  range,  since  its  magnitude  can  increase  by  a factor  of  1000. 

Devices  were  submitted  by  six  I.C.  manufacturers  to  form  an  industry 
test  sample.  Unfortunately,  there  are  enough  difference  in  the  devices  to 
prevent  all  the  devices  from  being  pooled  into  a single  statistical  test 
group  for  all  parameters. 

Shown  below  is  a schedule  of  the  test  groups,  device  types  and  quan- 
tities. 


Test 

Group 

Type 

Vendors 

Qty. 

1 

155 

F , S 

24 

2 

156 

F , S , A 

24 

3 

157 

S,  A,  N 

24 

4 

155A 

N 

19 

5 

156A 

N 

20 

6 

157A 

0 

7 

155A 

P 

20 

8 

156A 

P 

19 

9 

157A 

P 

20 

10 

355 

T 

9 

TOTAL 

179 

The  rationale  for  the  designated  test  groups  are  as  follows: 

1.  Between  the  commercial  type  1S5,  156  and  157  devices  there  are  dif- 
ferences in  supply  current  and  slew  rate. 

2.  The  A subscript  psrts  hsve  tighter  front  end  tolerances  that  their 
non-A  counterparts. 
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One  vendor  (P)  employs  a bias  current  compensation  scheme  to  give 
improved  front  end  characteristics.  Statistically  pooling  this 
data  with  that  of  the  other  vendor  sources  may  obscure  the  details 
of  each  group. 


The  355  group  is  only  guaranteed  for  the  0 - 70®C  commercial  temper 
ature  range. 


4.4  Tabulation  of  Test  Data 


While  this  report  was  being  written,  the  automatic  testing  of  the  sample 
population  of  1U-FET  op  amps  was  proceeding.  The  test  data  format  is  similar 
to  that  presented  for  the  quad  op  amps  and  quad  comparators  in  this  report 
(Individual  data  sheets,  statistical  data  summaries,  and  histograms). 


With  the  Bi-FET  op  amps,  emphasis  is  placed  on  the  input  bias  currents 
of  the  devices.  Typical  curves  of  bias  current  vs.  common  mode  voltage  are 
shown  in  Figure  4-4,  4-5,  4-6  and4-7.  Correlation  between  curve  tracer  and 
automatic  tester  data  is  shown  in  Figure  4-8.  How  temperature  effects  bias 
current  is  shown  in  Figure  4-9. 


4.5  Discussion 


The  purported  improvement  of  Bi-FET  op  amps  over  conventional  bipolar 
IC  op  amps  is  in  input  bias  current.  The  degree  of  improvement  must  be 
qualified,  however,  since  under  certain  conditions  of  either  coimnon  mode 
voltage  range  or  temperature  or  both,  Bi-FET  bias  currents  may  be  larger 
than  bipolar  device  bias  currents.  With  Bi-FET  devices,  + I^g  and  - l£g  are 
gate  leakage  currents  of  the  front  end  J-FETS.  The  curves  of  Figure  4-4 
through  4-8  show  how  bias  current  varies  with  common  mode  voltage  for  dif- 
ferent devices  and  power  supply  conditions.  It  can  be  seen  that  each  of  the 
curves  is  similar  to  a diode  p-n  junction  volt  - ampere  characteristic 
turned  up  side  down. 


The  orientation  of  a p-n  junction  with  the  same  volt  - ampere  character- 
istic as  in  the  observed  figures  is  with  the  cathode  end  on  the  bottom  and 
the  anode  end  on  top.  Thus  reverse  junction  current  would  be  in  the  positive 
direction  on  the  curve.  The  "zener  - shape"  breakdown  at  the  negative 
coimnon  mode  voltage  extreme  is  actually  the  point  where  the  J-FET  P-n 
junction  is  forward  biased.  This  is,  of  course,  a forbidden  zone  to  operate 
a J-FET  and  occurs  for  negative  common  mode  voltage  within  two  volts  of  the 
negative  supply  rack.  Inspection  of  the  device  schematic  confirms  this, 
since  the  source  terminal  of  the  J-FET  Is  elevated  by  three  p-n  junction 
drops  from  * vcc • \ 


The  common  mode  reverse  bias  voltage  range  to  the  right  of  the  forward 
bias  knee  is  the  most  desirable  operating  range  for  low  bias  current.  With 
± Vcc  =■  ± 20  V and  a common  mode  voltage  range  from  Vcm  “ -15V  to  Vcm  ■ +5V, 
bias  current  increases  only  slightly.  Diffusion  characteristics,  geometry 
and  minority  concentration  determine  the  amount  of  reverse  current.  Reverse 
voltage  only  effects  the  current  indirectly  by  increasing  the  effective 
depletion  layer  thickness  of  the  junction.  For  further  increases  in  positive 
common  mode  voltage,  the  Junction  is  technically  operating  in  the  multi- 
plication range.  In  other  words  the  minority  carriers  that  comprise  the 
reverse  current  have  sufficient  energy  to  break  additional  valence  bonds  and 
thus  multiply  the  generation  of  hole-election  pairs. 


In  a normal  p-n  junction  avalanche  breakdown  eventually  occurs.  When 
this  happens  the  current  increases  at  an  infinite  rate  with  voltage  and  the 
well  known  "zener  clamp"  voltage  has  been  reached,  because  there  is  resistance 
in  series  with  the  J-FET  P-N  junction  avalanche  breakdown  does  not  occur. 
However,  the  bias  current  that  flows  will  be  limited  by  the  supply  voltage 
levels,  the  series  resistance  and  the  junction  breakdown  characteristics. 

In  practice  this  current  could  be  a thousand  times  the  current  at  zero  common 
mode  voltage. 


In  order  to  provide  the  user  with  information  on  bias  current  vs  common 
mode  voltage  behavior  as  well  as  to  guarantee  it,  the  MIT.-M-38510/114  slash 
sheet  specifies  bias  current  at  four  voltage  conditions  as  follows: 


Test  condition  1 is  a check  to  determine  that  at  the  negative  common  mode 
voltage  limit  the  J-FET  inputs  are  not  forward  biased.  Test  condition  2 
indicates  the  normal  zero  common  mode  voltage  leakage  current.  It  is  also 
the  base  line  for  delta  I^g  measurements.  The  breakdown  characteristics  of 
the  device  are  tested  in  condition  3 at  the  positive  common  mode  voltage  limit 


] 


This  will  always  represent  the  worst  case  maximum  input  bias  current  condi- 
tion. In  many  user  applications  with  ± 15V  supplies,  test  condition  4 
represents  the  maximum  input  bias  current  of  the  device.  The  reason  for  the 
non-zero  minimum  limit  is  that  one  of  the  popular  suppliers  of  the  Bi-FET 
op  amps  employs  a bias  current  compensation  scheme,  which  can  yield  "wrong 
polarity"  bias  current.  In  this  scheme  collector  current  of  a bipolar 
transistor  is  designed  to  trim  out  the  J-FET  gate  current  that  flows.  Figure 
4.2  shows  how  bias  current  compensation  modifies  the  basic  J-FET  front  end. 

As  observed  at  the  Bi-FET  input  terminals,  only  the  difference  current 
between  the  J-FET  and  bipolar  devices  shows.  Figure  4-5  shows  an  over-compen- 
sated bias  current  characteristic  of  a typical  device  with  bias  current 
compensation . 

Ambient  temperature  is  another  important  condition  which  effects  bias 
current.  This  is  so  because  the  leakage  current  of  the  devices  approximately 
double  for  each  10°C  rise  in  temperature.  Figure  4-9  illustrates  how  the 
worst  case  limits  of  the  devices  increase  with  temperature.  It  should  be 
observed  that  the  slash  sheet  specification  on  bias  current  is  with  regard  to 
junction  temperature  conditions. 

The  reason  for  Tj  measurements  is  that  in  automatic  production  testing, 
the  devices  are  processed  at  a high  through-put  rate  and  their  junction 
temperatures  have  not  had  time  to  stabilize  at  some  delta  above  the  ambient. 

If  the  bias  current  limits  were  specified  as  T^,  a wait  time  of  from  three 
to  four  minutes  would  be  required.  Figure  4-10  shows  the  effect  of  warm-up 
time  on  bias  current.  Not  only  would  this  add  significantly  to  the  cost  of 
testing,  but  the  limits  would  have  to  take  into  account  the  package  thermal 
resistance,  device  type,  and  the  power  supply  conditions  according  to  the 
relationship  Tj  ■ TA  + 2 Vcc  Icc  Qj^. 

where  Tj  ■ Junction  temperature  in  °C 
Ta  ■ Ambient  temperature  in  °C 
Vcc  * Power  supply  voltage 
Icc  * Worst  case  power  supply  current 
0JA  ■ Package  thermal  resistance  (junction  - ambient) 

The  user  can  expect  the  operating  bias  current  to  be  from  three  to  four  times 
the  value  corresponding  to  the  stated  junction  temperature  value. 

4.6  Conclusions  and  Recommendations 

Characterization  of  the  Bi-FET  op  amps  is  not  complete  at  the  time  of 
this  writing  (September  1978).  The  recommendations  of  the  JC-41  Committee 
as  modified  by  GEOS  with  regard  to  bias  current  are  submitted  as  a tentative 
specification.  When  the  testing  of  an  Industry  wide  sample  of  over  100  parts 
has  been  completed,  comparisons  will  be  made  between  the  statistical  data 
and  the  JC-41  limits  to  confirm  or  modify  those  limits  as  required. 
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NOTES : 


1/  All  resistors  are  ± 0.1%  tolerance  and  all  capacitors  are  ± 10%  tolerance 
unless  otherwise  specified. 

2/  Precautions  shall  be  taken  to  prevent  damage  to  the  D.U.T.  during  insertion 
into  socket  and  change  of  state  of  relays  (i.e.  disable  voltage  supplies, 
current  limit  ± VCc » etc.) 

3/  Compensation  capacitors  should  be  added  as  required  for  test  circuit 
stability.  Two  general  methods  for  stability  compensation  exist.  One 
method  is  with  a capacitor  for  nulling  amp  feed  back.  The  other  method 
is  with  a capacitor  in  parallel  with  the  49. 9 K.TLclosed  loop  feedback 
resistor.  Both  methods  should  not  be  used  simultaneously.  Proper  wiring 
procedures  shall  be  followed  to  prevent  unwanted  coupling  and  oscillations 
etc.  Loop  response  and  settling  time  shall  be  consistent  with  the  test  rate 
such  that  any  value  has  settled  for  at  least  5 loop  time  constants  before 
the  value  is  measured. 

4/  Adequate  settling  time  shall  be  allowed  such  that  each  parameter  has  settled 
to  within  5%  of  its  final  value. 

5/  All  relays  are  shown  in  the  normal  de-energized  state. 

6/  The  nulling  amplifier  shall  be  a M38510/10101XXX.  Saturation  of  the  nulling 
amplifier  is  not  allowed  on  tests  where  the  E (pin  5)  value  is  measured. 

U The  load  resistors  20  50A-  and  11. 1 yield  effective  load  resistances  of 

2 Kjl  and  10  respectively. 

8/  Any  oscillation  greater  than  300  mV  in  amplitude  (peak-to-peak)  shall  be  a 
cause  for  device  failure. 


Figure  4-3.  Teat  circuit  for  static  testa,  (cont'd.) 
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Figure  4-8.  Test  correlation  between  Tektronix  577  curve  tracer  and  Tektronix  S-3260 
automatic  tester. 
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Figure  4-9./  Worst  csss  bias  current  vs.  ambient  temperature 
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-10.  Typical  bias  current  vs.  warm-up  time. 


Character LaClcs  Symbol  Conditions  (par.  3.4  and  Fig.  7 Limits 

unless  otherwise  specified)  01  | 02 


See  footnotes  at  end  of  table.  Table  4-1.  MIL-M- 38510/114  specification,  (cont’d.) 
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MIL-M-38510/I15 
VOLTAGE  REGULATORS,  NEGATIVE 


5.1  Background  and  Introduction 

The  acceptance  and  popularity  of  the  Integrated  Circuit  (+  5 volt) 
Voltage  Regulator  has  prompted  the  design  and  manufacture  of  both  positive 
and  negative  fixed  output  three-terminal  voltage  regulator  families.  The 
families  of  positive  fixed  output  voltage  regulators  chosen  for  MIL-M-38510/ 
107A  were  the  LM140K,  1X14 1H,  7800  and  78MOO.  It  was  decided  by  the  manu- 
facturers, the  government  and  GEOS  that  as  a natural  outgrowth,  the  negative 
fixed  output  voltage  regulator  specification  should  include  regulators  from 
the  LM120K,  LM120H,  7900  and  79M00  families. 

A survey  of  power  requirements  for  linear  devices  and  data  converters 
(i.e.  A/D  and  D/A  converters)  indicates  that  all  such  devices  require  either 
± 15  VDC  or  ± 12  VDC.  A similar  survey  of  microprocessors  indicated  a need 
for  a - 5 VDC  voltage  regulator.  Therefore,  GEOS  agrees  with  the  decision 
to  characterize  and  specify  fixed  negative  output  voltage  regulators  with 
output  voltages  of  -5VDC,  -12VDC,  -15VDC  and  -24Vdc. 

The  following  table  shows  the  voltage  regulators  Included  In  this  spec- 
ification from  these  families: 


TABLE  5.1:  Device  Types  Specified 


Device 

Type 

Output 
Voltage,  V 

Output 
Current,  A 

Commercial 

Type 

m 

- 5 

- 0.5 

79M05,  LM120H-5.0 

mm 

-12 

- 0.5 

79M12,  LM120H-12 

ELS 

-15 

- 0.5 

79M15,  LM120H-15 

04 

-24 

- 0.5 

79M24,  LM120H-24 

05 

- 5 

- 1.0 

7905  , LM120K-5.0 

06 

-12 

- 1.0 

7912  , LM120K-12 

07 

-15 

- 1.0 

7915  , LM120K-15 

08 

-24 

- 1.0 

7924  , LM120K-24 

V-i 


x 


t. 

r 

I 

I 


i 

i 


As  a result  of  the  observed  design  similarity  throughout  the  families 
of  positive  fixed  output  voltage  regulators,  and  in  an  effort  to  economize 
on  the  characterization  effort  small  sample  sizes  were  used.  For  the  1.0 
ampere  regulators,  the  -5VDC  and  -24VDC  devices  were  obtained.  For  the  1/2 
ampere  regulators,  -5VDC , -12VDC,  -15VDC  and  -24VDC  devices  were  obtained. 

The  total  quantities  of  the  test  samples  indicated  in  the  following  table  were 
supplied  to  GEOS  by  RADC. 


TABLE  5.2:  Device  Types  Characterized 


Device 

Quantity  of  Devices  ! 

Type 

Vendor  A 

Date  Codes 

Vendor  B 

Date  Codes 

01 

4 + 4* 

704,  806 

4 

642 

02 

4 

626 

2 

712 

03 

- 

- 

2 

516 

04 

- 

- 

4 + 3* 

543,  632 

05 

4 

648 

3 

619 

06 

- 

• 

• 

07 

- 

• 

a. 

_ 

08 

4 

725 

3 + 2* 

628,  816 

* GEOS  purchased  4 additional  units  of  device  type  01  and  3 additional  units 
of  device  type  04  for  evaluation.  Vendor  B shipped  2 additional  units  of 
device  type  08  for  evaluation. 

5.2  Description  of  Device  Types 


The  7900  and  LM120  three-terminal  negative  voltage  regulators  have 
designs  with  enough  similarity  that  a comnon  specification  can  be  developed 
to  describe  both  families.  Although  some  design  differences  exist,  both 
negative  voltage  families  contain  the  same  functional  elements.  A general 
block  diagram  of  these  regulators  is  shown  in  Figure  5.1.  The  voltsge  reg- 
ulator consists  of  a)  a start-up  circuit  to  ensure  that  the  device  is 
rapidly  brought  into  regulation,  b)  a temperature  - compensated  voltage 
reference,  plus  a current  source  to  eliminate  the  effect  of  the  unregulated 
input  voltage  on  the  reference  voltage,  c)  an  error  amplifier,  d)  a current 
limiting  circuit,  e)  a thermal  shutdown  circuit,  f)  a safe  operating  area 
protection  circuit,  g)  a series  pass  transistor  and  h)  laser  trimmed 
resistors  to  factory-set  the  output  voltage  and  peak  output  current. 
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Figure  5.1.  Block  diagram  of  the  voltage  regulator 


A detailed  diacuaaion  of  regulator  theory  can  be  found  in  any  of  the 
references  listed  in  section  5.6.  A schematic  of  the  7900  series  equivalent 
circuit  is  shown  in  Figure  5.2  and  a schematic  of  the  LM120  equivalent  cir- 
cuit is  shown  in  Figure  5.3. 


For  th«  following  discussion  of  the  negstlve  voltsge  regulator,  refer 
to  Figure  S.2.  The  start-up  circuit  for  this  regulator  consists  of  zener 
diode  Dl  and  transistors  Ql  and  Q2.  The  start-up  circuit  suppliea  current 
for  Q3  which  in  turn  activates  the  current  source  translator  Q7.  Transistor 
Q7  now  supplies  current  to  zener  diode  D2,  and  transistor  Q2  Is  shut  off. 
Voltage  reference  options  of  -2.23  V or  -6.2  V are  made  for  output  voltage 
ranges  of  -5  V to  -8  V or  -12  V to  -24  V respectively. 

Most  of  the  voltage  reference  circuits  used  in  today's  monolithic  volt- 
age regulators  are  the  bandgap  reference  type.  A simplified  schematic  of  a 
bandgap  reference  is  shown  in  Figure  5.4. 
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Figure  5.2.  7900  Equivalent  circuit 


In  this  circuit,  two  monolithic  transistors  operating  at  different 
collector  current  densities  develop  a voltage.  A VBp,  at  the  emitter  of  Q2. 
This  voltage  has  the  relationship:  A VBE  ■ E In  (II)  and  the  temperature 

q (12) 

coefficient  (TC)  of  this  voltage  la  positive.  When  the  voltage  is  amplified 
and  added  to  the  base-emitter  voltage  of  Q3,  which  has  a negative  TC,  the 
resultant  output  is : 


VREF  " VBEQ3  + ^VBE* 

By  proper  adjustment  of  the  gain  (R2/Rx),  the  negative  TC  of  VBEq3  can 
be  made  to  cancel  the  positive  TC  of  AvbE*  The  result  is  a voltage  refer- 
ence that  has  nearly  zero  temperature  drift. 

In  Figure  5.2,  the  bandgap  reference  voltage  is  coupled  to  the  non- 
inverting  input  (Q10)  of  the  error  amplifier.  The  error  amplifier  consisting 
of  transistors  Q10  through  Q13  also  receives  its  bias  from  the  voltage  ref- 
erence circuit  via  transistor,  Q9  and  resistor  R8.  Output  voltage  feedback 
la  coupled  from  the  feedback  network  of  R24  & R25  to  the  inverting  input 
(Qll)  of  the  error  amplifier.  The  output  of  the  error  amplifier  is  coupled 
to  the  series-pass  transistor  Q20  via  transistors  Q17,  Q18  and  resiator  R12. 
Since  the  series-pasa  tranaistor  Q20  is  operating  in  an  emitter  follower 
mode  the  output  must  be  stabilized  with  an  external  capacitor  from  output  to 
ground. 

The  output  voltage  of  the  regulator  is  controlled  by  the  ratio  of  the 
two  resistors  R24  and  R25.  These  two  resistors  are  adjusted  to  optimize 
both  the  bias  current  for  Qll  and  the  output  voltage.  The  output  voltage 
is  determined  by  the  relationship: 

„ % (R24  + R25) 

vOUT  “ <vref>  * 


The  7900  has  three  protection  circuits  to  protect  the  device.  Thermal 
overload  protection  la  provided  by  transistor  Q5.  The  transistor  is  phys- 
ically located  near  the  aeries-pass  transistor.  As  the  temperature  rises, 
the  Vgg,  necessary  to  turn  on  Q5»  decreases.  At  a predetermined  temperature 
(greater  than  150*C),  transistors  Q5  and  Q16  turn  on  and  the  current  to  Q17 
is  turned  off.  Short  circuit  protection  is  provided  by  detecting  the  current 
flow  through  resistor  R13.  When  the  voltage  drop  across  R13  rises  suffi- 
ciently, transistors  Q19  and  Q21  will  turn  on  and  the  current  to  Q17  is 
turned  off.  Finally,  the  safe  operating  area  protection  circuit,  made  up  of 
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NOTES: 

1/  Adjust  the  frequency,  amplitude  and  pulse  width  of  the  pulse  voltage  (Vp) 
equal  to  200  pps,  1.0  volts  and  100  usee,  respectively. 

2/  Apply  an  input  voltage,  Vln(nln)  ^ Vin£  Vin^x). 

3/  Set  SI  to  position  2.  With  Vp  ■ 0,  adjust  the  offset  null  so  that 
VE  - 0. 

4/  Adjust  the  pulse  voltage  (Vp)  so  that  the  voltage  pulse  (VE)  measured  on 
the  oscilloscope,  is  equal  to  the  magnitude  of  the  desired  load  current 
(IL>- 

5/  Set  the  oscilloscope  time  base  to  view  the  100  us  pulse.  Set  the  type 
W plug-in  for  a vertical  input  attenuator  setting  of  2 mV/cm  and  the 
display  for  A-Vc. 

6/  Set  SI  to  position  1 and  adjust  the  comparison  voltage  (Vc)  for  a aero 
volt  reading  50  usee  from  the  start  of  the  sweep. 

U Measure  and  record  the  voltage  Vc.  (v0  ■ -Vc) . 

8/  Observe  the  oscilloscope  for  any  unusual  spikes,  oscillations,  overshoot, 
undershoot,  droop,  blooming,  etc. 

9/  Repeat  setps  4/  through  8/  for  each  specified  combination  of  load 
current  and  input  voltage. 

Figure  5.5.  Test  Circuit  for  Static  Testa. 
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NOTES: 


1/  For  each  device  type,  adjust  RL  for  a typical  load  current  of  5 mA. 

2/  Adjust  V8“-  |V£n(aln)|  for  the  device  type  under  test.  Close  switch  Si  and 
observe  that  the  proper  voltage  is  at  VQ.  Open  SI. 


3/  Repeat  the  conditions  defined  in  1/  and  2/  with  V8  - - Iv^/ngx)!  for 
each  device  type  under  test. 

4/  For  each  device  type,  adjust  RL  for  a load  current  of  350  mA  or  500  mA 
per  Group  2. 

5/  Repeat  the  conditions  defined  in  2/  and  3/  with  the  load  current  conditions 
defined  in  4/. 

6/  For  each  device  type,  adjust  Rl  for  a typical  maximum  load  current. 

7/  Repeat  the  conditions  defined  in  2/  and  3/  with  the  load  current  condi- 
tions defined  in  6/. 

8/  Ulth  S2  closed,  repeat  the  conditions  defined  in  1/  through  7/. 

Figure  5.6.  Test  circuit  for  start-up  test. 
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1/  For  each  device  type,  adjust  for  a load  current  of  5 mA  per  Group  1. 

2/  Adjust  Vjn  ■ -| V£n (mln)|  for  the  device  type  under  test.  Close  switch  SI. 

3/  Measure  and  record  the  output  short  circuit  current.  (Iog“Iin“Iscd) 

4/  Repeat  the  conditions  defined  In  1/,  If  and  3/  with  Vj„  ■ "| vin (max)|  f°r 
each  device  type  under  test. 

5 / For  each  device  type,  adjust  R2  for  a load  current  of  350  or  500  mA  per 
Group  2. 

6/  Repeat  the  test  conditions  defined  in  2/,  3/  and  4/  with  the  load  condi- 
tions defined  in  5/. 

7/  For  each  device  type,  adjust  R^  for  a maximum  load  current  per  Group  3. 

8/  Repeat  the  conditions  defined  In  2/,  3/  and  4/  with  the  load  conditions 
defined  In  7/ . 

Figure  5.7.  Test  circuit  for  output  short  circuit  current. 


Q23,  D3,  R21,  and  R30,  detects  the  voltage  dropped  across  the  series  pass 
transistor,  Q20,  and  the  series  resistor  R22.  When  this  voltage  drop 
exceeds  a predetermined  value,  zener  diode  D3  turns  on  and  limits  the  maxi* 
mum  available  regulator  current  as  the  input-output  voltage  Increases.  The 
circuit  elements  found  in  the  LM120  series  voltage  regulators  and  their 
operation  are  very  similar  to  those  found  in  the  7900  series. 

The  major  protective  elements  in  this  design  are: 

Thermal  shutdown  - Q8,  Q13 

Short  circuit  protection  - Q16,  Q20,  Q21,  R16 

SOA  protection  - D3,  R20,  R21,  R16 

S.3  Test  Circuits  and  Test  Procedures 

The  test  circuits  and  test  procedures  used  during  the  characterization 
study  are  shown  in  Figures  5.5  through  5.7.  These  circuits  are  bench  type 
setups  using  non-automatic  test  equipment;  however,  equivalents  of  these 
circuits  are  readily  programmed  into  an  automatic  tester.  In  order  to 
achieve  ± 1 mV  accuracy  for  the  output  voltage  (Vout)  measurements,  nulling 
techniques  were  employed  using  the  voltage  comparator  available  in  the  Type 
W plug-in  of  the  Tektronix  Type  585A  oscilloscope,  Measurements  of  both 
the  load  current  and  the  output  voltage  were  made  using  this  nulling  tech- 
nique. The  two  sockets  used  for  the  acceptance  of  both  the  T03  cases  and 
the  1039  cases  were  wired  in  parallel  and  the  regulator  input  and  output 
capacitors  were  soldered  to  the  terminals  on  the  TO 3 socket.  The  measure- 
ment probe  was  connected  directly  to  either  the  precision  one  ohm  resistor 
leads  or  the  DUT  socket  terminals  in  order  to  ensure  accurate  current  and 
voltage  measurements. 

The  start-up  test,  shown  in  Figure  5.6,  measures  start-up  under  all  of 
the  extreme  combinations  of  input  voltage  and  load  currents.  The  test  Is 
also  performed  with  a 20  uF  capacitor  shunting  the  load  to  simulate  distri- 
buted capacitors  found  in  most  system  applications.  The  load  resistance  is 
obtained  from  a precision  power  resistor  decade  box  and  is  preselected 
before  power  is  applied  to  the  DUT.  The  power  supply  is  adjustable  from  0 
to  40  volts  and  is  capable  of  supplying  several  amperes  at  any  adjusted 
output  voltage. 

For  the  Output  Short  Circuit  Test  (Fig.  5.7),  the  araneters  were  connected 
to  read  input  current  and  standby  current  simultaneously.  This  was  done  to 
eliminate  the  meter  resistance  from  the  output  circuit  when  the  short  is 
applied.  The  recorded  value  was  the  short  circuit  current  (Ios  “ I^n  - l8cd) . 
The  power  supply  used  for  this  test  is  the  same  unit  that  is  used  in  the 
startup  test. 


5.4  Device  Characterization 


The  initial  effort,  prior  to  receipt  of  the  characterization  device 
samples,  was  to  generate  a base  line  specification  similar  in  format  to  the 
one  used  for  positive  regulators  based  upon  the  JC41  Committee  recommenda- 
tions. Additional  recommendations  were  later  made  to 

a)  tighten  the  standby  current  drain  and  standby  current  drain  line 
regulation  parameter  requirements  because  the  tighter  requirements 
can  be  met  by  vendors 

b)  delete  output  short  circuit  current  with  minimum  input  voltage 
applied  because  the  maximum  input  voltage  condition  is  a more 
stringent  requirement 

c)  move  the  ripple  rejection  test 

frequency  to  2400  Hz  because  many  military  systems  derive  power 
from  full  wave  rectified  3-phase  400  Hz  generators 

d)  delete  line  voltage  and  load  current  transient  tests  because  the 
large  capacitors  at  the  regulator  input  and  output  terminals  negates 
the  validity  of  these  tests 

e)  delete  the  thermal  coefficient  tests  because  designs  do  not  depend 
on  this  parameter  and 

f)  incorporate  the  thermal  transient  test  because  this  test  is  both  a 
measure  of  quality  of  the  chip  bond  to  the  case  and  a meansure  of 
the  device  low  frequency  rejection  capability. 

A preliminary  copy  of  the  specification  electrical  pefortnance  charac- 
teristics for  device  types  01  through  08  is  shown  in  Tables  5.28  through 
5.35.  Test  tables  contain  the  recommendations  of  the  JC41  Committee  and 
also  reflect  recommendations  arrived  at  as  a result  of  device  anomaly  inves- 
tigations. 

The  JC41  Committee  also  reported  possible  start-up  problems  on  certain 
devices;  GEOS  evaluation  therefore  also  Included  stringent  start-up  tests. 
Most  of  the  remaining  work  effort  on  negative  voltage  regulators  was  devoted 
to  the  evaluation  of  device  anomalies;  such  as,  a)  start-up  and  output  short 
circuit  current  under  different  input  voltage  and  load  current  conditions, 
b)  emitter-follower  type  oscillations  and  c)  hot  socket  insertion/  extraction 
failures. 

A programmable  te3t  circuit  was  built  to  allow  device  testing  as  orig- 
inally defined  in  the  base  line  specification  and  to  allow  for  additional 
investigation  of  device  anomalies.  The  test  circuit  schematics  and  the  test 
procedures  for  each  test  performed  are  shown  and  discussed  in  section  5.3. 
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Data  was  taken  in  a bench  type  set  up  at  room  temperature  on  all  of 
the  devices  listed  In  Table  5.2,  except  for  those  devices  shown  with  an 
asterisk.  These  data  measurements  began  with  the  evaluation  of  output 
voltage  (Vout)  and  output  short  circuit  current  (Ios)  under  different  Input 
voltage  and  load  current  conditions.  Data  taken  on  device  types  01,  02,  03, 
04,  05  and  08  has  been  tabulated  In  Tables  5,5  through  5.27.  These  tables 
show  the  calculated  mean  values  of  data  taken  on  device  type  samples  for 
specified  conditions.  In  addition,  the  tables  show  the  minimum  and  maximum 
values  and  their  percentage  below  and  above  the  corresponding  mean  values. 

The  results  show  that  the  values  are  all  well  within  the  limits  shown  in 
Tables  5.28  through  5.35.  However,  data  was  taken  only  at  room  temperature 
(l.e.  25*C  ± 5°C).  A summary  of  the  device  failures  and  problems  is  shown 
in  Table  5.3  and  Table  5.4.  The  significant  failures  Include  device  failures 
resulting  from  hot  socket  Insertion/extraction  and  output  short  circuit 
current  testing  Additionally  six  of  sixteen 

units  dropped  out  of  regulation  in  such  a way  that  the  output  voltage  began 
to  track  the  Input  voltage.  Outputs  as  high  as  *11.8  volts  were  observed 

from  the  -5.0  volt  regulator  and  as  high  as  -28  volts  were  observed  from 

the  -24  volt  regulator.  Data  was  taken  on  the  three  device  type  05  failures 
to  show  when  the  devices  stopped  regulating  as  the  Input  voltage  and  the 
output  load  current  were  simultaneously  varied.  Figure  5.8  shows  the  thresh- 
old level  at  which  three  devices  go  out  of  regulation  versus  input  voltage 

and  load  current.  Below  and  to  the  left  of  the  curve  the  output  voltage  was 

within  specification.  Above  and  to  the  right  of  the  curve  the  output  volt- 
age magnitude  increased  as  the  Input  voltage  magnitude  increased. 

The  output  short  circuit  current  failures  shown  in  Table  5.3  were  all 
catastrophic.  Several  of  these  devices  were  delidded  and  photos  were  taken 
of  the  destroyed  devices.  These  photos  are  shown  In  Figures  5.9b  and  5.9c. 

In  each  case,  the  pass  transistor  of  the  device  was  destroyed.  An  examina- 
tion of  Table  5.3,  Table  5.4  and  Tables  5.23  through  5.27  shows  that  a) 
these  failures  occurred  primarily  to  device  type  04  from  vendor  B and  that 
b)  in  general,  power  dissipation  during  the  output  short  circuit  condition 
for  all  units  was  far  in  excess  of  the  capability  of  a TO-39  case.  Power 
dissipation  was  generally  in  excess  of  five  watts. 

Start-up  problems  on  the  other  hand  were  observed  chiefly  in  devices 
from  vendor  A.  These  problems  were  observed  in  device  types  01,  05  and  08 
as  the  magnitude  of  the  input  voltage  was  increased.  For  device  type  01, 
the  problem  was  observed  when  the  magnitude  of  the  input  voltage  was  greater 
than  20-25  volts.  For  device  type  05  and  08,  the  problem  was  observed  when 
the  magnitude  of  the  input  voltage  was  greater  than  30-35  volts.  Since 
devices  could  be  started  at  voltages  lower  than  those  mentioned  above,  it 
was  possible  to  first  start  the  device  sample  and  then  increase  the  input 
voltage  beyond  the  point  where  start  up  problems  occur.  Data  tabulation  in 
Table  5.5  through  5.27  was  obtained  in  this  manner,  when  necessary. 
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Hoc  socket  Insertion/extraction  problems  were  observed  in  five  device 
samples  from  vendor  A.  After  experiencing  these  failures,  this  practice  was 
stopped.  The  failure  mode  of  the  regulators  was  a partial  short  from  input 
to  output. 

Emitter-follower  type  oscillations  were  observed  on  several  regulators 
when  the  output  terminals  were  decoupled  with  a 1.0  uF  ceramic  capacitor  at 
various  load  conditions.  However,  the  addition  of  an  extra  1.0  uF  ceramic 
capacitor  eliminated  these  oscillations.  Vendors  of  both  the  LM120  series 
regulators  and  the  7900  series  regulators  recommended  different  stabilizing 
capacitors  at  the  output  terminals  of  the  two  regulator  types.  Spec  sheets 
for  the  7900  series  recommended  either  a 1 uF  ceramic  or  a 1 uF  solid 
tantalum  capacitor  at  the  output  terminals  of  the  regulator.  Spec  sheets 
for  the  1X120  series  recommended  either  a 1 uF  solid  tantalum  or  a 25  uF 
aluminum  electrolitic  at  the  output  terminals  of  the  regulator  The  JC41 
Committee  has  agreed  on  a recommendation  of  a 2.0  uF  solid  tantalum  at  the 
output  terminals  of  the  regulator. 

5.5  Conclusions  and  Recommendations 


Several  anomalies  were  observed  in  characterization  of  negative  voltage 
regulators.  These  anomalies  appear  to  be  related  and  should  be  investigated 
further  in  order  to  determine  a satisfactory  resolution.  By  far,  one  of  the 
most  serious  failure  modes  observed  during  these  investigations  is  the  one 
in  which  the  output  voltage  begins  to  track  the  input  voltage.  This  anomaly 
occurs  when  the  load  currents  at  the  output  terminals  of  the  regulator  are 
less  than  5 mA.  Since  these  currents  are  not  specified  for  negative  regu- 
lators, this  anomaly  will  not  be  picked  up  during  test.  A failure  mode  of 
this  type  could  result  in  multiple  system  failures  if  overvoltage  protection 
is  not  designed  into  the  system.  It  is,  therefore,  recommended  that  the 
specification  contain  a caution  note  to  indicate  the  possible  existence  of 
this  failure  mode. 

The  output  short  circuit  current  failure  mode  generally  results  in  the 
total  destruction  of  the  pass  transistor;  and  thus,  an  open  circuit  results 
between  input  and  output.  This  failure  mode  results  in  system  shut  down  but 
does  not  cause  multiple  system  failures  because  of  an  over-voltage  condition. 
The  desired  test  time  for  testing  this  parameter  is  five  seconds;  however, 
this  would  make  the  costs  prohibitive. 

In  addition,  this  test  and  the 

output  peak  current  test  are  stress  tests  and  should  not  be  performed  last 
in  a test  sequence.  The  JC41  Committee  has  recommended  that  these  tests  be 
performed  prior  to  the  start-up  test,  which  will  be  performed  last  in  the 
test  sequence.  The  JC41  Committee  will  also  recommend  an  adequate  start-up 
test.  In  order  to  eliminate  excessive  heating  of  the  device  under  teat,  the 
switch,  used  to  initiate  start-up,  should  be  operated  at  a 2X  duty  cycle. 
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Ordnance  Systems  is  of  the  opinion  that  the  device  anomalies  associated 
with  negative  regulators  contradict  the  MIL-M-38510  objective  of  reliability. 
The  industry  none-the-less  has  experienced  a great  demand  for  these  devices, 
including  military  system  applications,  and  reportedly  few  complaints  hsve 
been  received.  It  is  also  necessary  to  point  out  that  the  device  problems 
uncovered  during  this  characterisation  have  not  been  verified  by  the  industry 
at  the  time  of  this  writing.  Further  evidence  and  negotiation  is  required 
at  the  committee  level  to  determine  the  appropriate  final  corrective  action. 


TABLE  S..3.  Summary  of  Failures  and  Problems  by  Vendor 


Test 

Vendor  A 

Vendor  B 

Number  of  Induced  Failures 

1 

1 

Number  of  Hot  Socket  Failures 

5 

N/A 

Number  failed  Vout 

Number  destroyed  during  Ios 

2 

4 

6 

Number  failed  Start-up 

12 

1 

Number  dropped  out  of  regulation 

2 

4 

Number  units  oscillate 

3 

4 

Table  5.5.  fatput  voltage  (Vout)  versus  Input  voltage  (Vin)  and  load  current  (IL)  for  device  type  01.  1/ 


unspecified  condition. 


TABLE  5-6.  Output  voltage  (Vout)  versus  input  voltage  (Vin)  and  load  current  (II)  for  device  type  02.  1/ 


Table  S.7.  Output  voltage  (Vout)  versus  input  voltage  (Vj.n)  and  load  current  (1^)  for  device  type  03.  1/ 

Input  I Output  Voltage  (Vout)  I I | 


TABLE  5.8.  Output  voltage  (Vout)  veraua  Input  voltage  (Vin)  and  load  current  (II)  for  device  type  04.  1/ 


sA 

\ 


TABLE  5.9.  Output  voltage  Vout  versus  Input  voltage  (Vj.n)  and  load  current  (1^)  for  device  type  05.  1/ 


3/  Only  three  sasq>les  continued  to  regulate  the  output  voltage. 


TABLE  S.10.  Output  voltage  (Vout)  versus  Input  voltage  (Vi„)  and  load  current  (1^)  for  device  type  08.  1/ 


TABLE  5.11.  Lin*  Regulation  for  Device  Type  01.  1/ 


Load 

Current 

»L> 


50  mA 


350  aA 


Line  Regulation  (Vrune) 


-25V  ^ Vln 


+ 7 
+ 12.5 
+ 17 


- 56 

- 17  2/ 
+ 10 


ue  Uni 


+ 5 
+ 10.6 
+ 20 


Spec.  (IL  “ 50  mA;  -35V  6 Vln  $ -8V)  VRLINE  - ± 150  mV 
(IL  - 350  mA;  -25V  < Vln<  -8V)  VRLINE  - ± 50  mV 

Notes:  1/  The  mean  value  of  the  line  regulation  measurements 

is  based  on  six  device  samples  from  two  manufacturers. 

2/  Only  three  samples  from  one  manufacturer  continued 
to  regulate.  This  is  an  unspecified  condition. 


TABLE  5.12.  Line  Regulation  for  Device  Type  02.  1/ 


Load 

Current 

(lL> 

50  mA 


350  mA 


Line  Regulation  (Vj^jjjg) 


^vout 
Value  Uni 


+ 3 
+ 15.8 


-35  £ Vln  ^ -15V 


+ 3 
+ 8.8 
+ 15 


Spec.  (IL  - 50  mA;  -35V  * Vtn  $ -15V)  VRLINE  - ± 360  mV 
<IL  - 350  mA;  -32V  < Vln  { -15V)  VRLIHE  - ± 120  mV 

Notes : 1/  The  mean  value  of  the  line  regulation  measurements 

is  based  on  six  device  samples  from  two  suinufacturers. 


Load  Line  Regulation  (Vrline^ 

Current  

(IL>  -35V  $ Vln  £ -18.5V  I -30V^Vln  ^ -18.5V  Value  Unit 


50  mA 


350  mA 


Spec.  (IL  - 350  mA;  -35V  $ Vln  £ -15.5V)  VRLINE  - ± 150  mV 

Notes:  \J  The  mean  value  of  the  line  regulation  measurements  is 
based  on  two  device  samples  from  one  manufacturer. 


TABLE  5.14:  Line  Regulator  for  Device  Type  04.  1/ 


Load 

Current 

<IL> 


50  mA 


350  mA 


Line  Regulation  (VRLINE) 


-40V  $ Vln  £ -28V 


- 2 
+ 8.25 
+ 20 


dVout 

Value  Unit 


0 

+ 3.75 
+ 7 


Spec.  (IL  - 50  mA;  -40V  * Vln  £ -28V)  VRLINE  - ± 720  mV 
(IL  - 350  mA;  - 38V*  V£n^  -28V)  VRLINE  - ± 240  mV 

« 

Notes:  1/  The  mean  value  of  the  line  regulation  measuresmnts  is 
based  on  four  device  samples  from  one  manufecturer. 
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TABLE  5.15.  Line  Regulation  for  Device  Type  05.  1/ 


Min 

Mean 

Max 


Load 

Current 

<h? 


100  mA 


350  mA 


Line  Regulation  (VgLINE) 

^vout 

-20V  4*  V ln  ^ -8V  Value  Unit 


+ 9 

+ 10.3  2/ 

+ 12 


Spec.  (IL  - .1A;  - 35V  $ VlH  ^ -8V)  V^LINE  - ± 150  mA 
(IL  - .5A;  - 25V  S>tn  $ -8V)  tfRLINE  - ± 150  mA 

Notea:  1/  The  mean  value  of  the  line  regulation  meaaurementa 

is  based  on  six  device  samples  from  two  manufacturers. 

x 

2/  Only  three  samples  from  one  manufacturer  continued 
to  regulate  at  V£n  • -35V. 


TABLE  5.16.  Line  Regulation  for  Device  Type  08.  1/ 


Line  Regulation  (vgx.INE^ 

Avout 

V*  Vin  £ -28V  Value  Unit 


Load 

Current 

Ul> 


- 20 
+ 1.0 
+ 15 


100  mA 


- 5 

+ 6.25 
+ 15 


(IL  - 100  mA;  -40V  4 Vln  < -28V)  VRLINE  - t 720  mV 
(IL  - 500  mA;  -38V  $ Vtn  « -28V)  VRLINE  - ± 240  mV 


1/  The  mean  value  of  the  line  regulation  measurements 

is  baaed  on  aight  device  samples  from  two  smnufacturera 


TABLE  5.17.  Load  Regulation  for  Device  Type  01.  1/ 


Input 

Voltage 

(Vln) 

Load  Regulation  (Vrlqad) 

4Vout 

Values 

Unit 

5 mA  ^ IL  S'  50  mA 

- 50 

- 12 

Min 

-10  V 

- 32.3 

- 3.5 

Mean 

| 

1 

- 5 

+ 1 

Max 

I 

1 

- 14 

Min 

I 

1 

-35V 

N/A  2/ 

- 6.5 

Mean 

- 0 

Max 

1 

I 

Spec.  (V£n  ■ -10V;  5 mA  ^ 1^  500  mA)  VrlOAD  * ± 100  mV 
(Vj.n  “ -35V;  5 mA  ^ II  50  mA)  VrlOAD  “ t 150  mV 


Notes  : 1/  The  mean  value  of  the  load  regulation  measurements  Is 

based  on  six  device  samples  from  two  manufacturers. 

2/  None  of  the  device  samples  continued  to  operate.  This 
Is  an  unspecified  condition.  Three  samples  from  one 
manufacturer  continued  to  regulate  with  V£n  ■ -35V 
and  5 mA  £ II  £ 350  mA.  The  mean  A V0ut  for  these 
conditions  was  -16.7  mV. 


TABLE  5.18.  Load  Regulation  for  Device  Type  02.  1/ 


/ 


Input 

Voltage 

(Vln) 

1 

Load  Regulation  (VRLQAd) 

Values 

Unit 

5 mA  < IL  S 500  mA 

5 mA  £ IL  ^ 50  mA 

- 50 

- 12 

Min 

- 17V 

- 32.2 

- 6.7 

Mean 

1 

■ 

- 15 

- 1 

Max 

I 

I 

- 235 

- 10 

Min 

■ 

- 35V 

- 82 

- 7 

Mean 

- 35 

+ 10 

Max 

1 

Spec.  (Vj,n  ■ - 17V;  5 mA  ^ II  < 500  mA)  Vpi/un  " ± 240  mV 
(Vtn  “ - 35V;  5 mA  £ IL  < 50  mA)  VRL0AD  - ± 360  mV 


Note:  1/  The  mean  value  of  the  load  regulation  measurements  Is 
based  on  six  device  samples  from  two  manufacturers. 
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TABLE  5.19.  Load  Regulation  for  Device  Type  03.  1/ 


Input 

Voltage 

(Vin) 


- 18.5  V 


- 35  V 


Load  Regulation  (Vrlqad) 

^ ZWout 

5 mA  £ IL  ^ 50  mA  Values  Units 


Spec.  (Vln  - - 20V;  5 mA  ^ IL  4 500  mA)  VRL0AD  - ± 300  mV 
(Vin  - - 35V;  5 mA  ^ IL  4 50  mA)  VRL0AD  - ± 450  mV 

NOTE:  1 / The  mean  value  of  the  load  regulation  measurements  is 
based  on  two  device  samples  from  one  manufacturer. 


TABLE 


5.20.  Load  Regulation  for  Device  Type  04.  1/ 


Input 

Voltage' 

Load  Regulation  (VRL0AD) 

4^out 

(Vin) 

Values 

- 70 

- 10 

Min 

- 30  V 

- 36.3 

- 3 

Mean 

- 2 

+ 3 

Max 

- 45 

- 8 

Min 

- 40  V 

- 28 

- 4.75 

Mean 

- 12 

+ 12 

Max 

Spec.  (Vln  - -30V;  5 mA  * IL  £ 500  mA)  VRL0AD  - ± 480  mV 
(Vln  “ -40V;  5 mA  * IL  ^ 50  mA)  VRL0AD  - ± 720  mV 


NOTES:  1/  The  mean  value  of  the  load  regulation  measurements  Is 
based  on  four  device  types  from  one  manufacturer. 


TABLE  5.21.  Load  Regulation  for  Device  Type  05.  1/ 


Input 

Voltage 

(Vln) 

Load  Regulation  (VRL0AD) 

Unit 

5mA^ILS  1.0  A 

5 mA  * IL  < 100  mA 

Value 

- 13 

- 53 

Hln 

mV 

- 10  V 

- 4.3 

- 45 

Mean 

+ 3 

- 38 

Max 

- 13 

- 49 

Min 

- 35  V 

- 8.5  2/ 

- 44.5  2/ 

Mean 

- 4 

- 40 

Max 

Spec.  (Vln  - -10V;  5 mA  & IL £ 1.0  A)  VRLQAD  - ± 100  mV 
(Vln  " -35V;  5 mA  < IL  < 100mA)  VRLQAD  - ± 150  mV 

NOTES:  l / The  mean  value  of  the  load  regulation  meaaurementa  la 
baaed  on  a lx  device  aamplea  from  two  manufacturers. 

2/  Only  two  device  aamplea  continued  to  regulate  with 
Vln  - -35V,  IL  - 5 mA 

TABLE  5.22.  Load  Regulation  for  Device  Type  08.  1/ 


Input 

Voltage 

(Vm> 

Load  Regulation  (V^o^) 

AVout 

Unit 

5 mA  ^ IL  £ 1,0  A 

5 mA  £ IL  ^ 100  mA 

Value 

- 80 

- 15 

Min 

mV 

- 30V 

- 42.5 

- 0.5 

Mean 

+ 25 

+ 25 

Max 

- 90 

- 10 

Min 

- 40V 

- 45  2/ 

- 2.8  2/ 

Mean 

+ 20 

+ 15 

Max 

Spec.  (Vln  - -30V;  5 mA  ^ IL£  1.0  A)  VRL0AD  - 480  mV 
(Vin  - -40V;  5 a*  < IL  * 100mA)  VRL0AD  - 720  mV 


NOTES:  1/  The  mean  value  of  the  load  regulation  amasureamnta  la 
baaed  on  eight  device  aamplea  from  two  manufacturera. 


2/  One  device  aample  failed  to  regulate  with  Vin  • 
-40  V,  IL  - 5 mV. 
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TABLE  5.23.  Output  Short  Circuit  Current  for  Device  Type  01.  1/ 


Input 

Voltage 

(Vin) 

Output  Short 
Circuit  Current 

(los) 

Unit 

min 

1 

» 

0 

max 

- 10  V 

600 

650 

740 

mA 

- 25  V 

310 

362 

440 

1 

- 35  V 

1.2 

146 

300 

t 

Spec.  (Vin  “ - 10  V)  10  bA  < Iol  i 2.00  A 

(Vin  - - 25  V)  10  mA  ^ log  < 1.50  A 

(Vin  - - 35  V)  10  mA  < Ios  ^ 1.00  A 


NOTE:  1/  The  meen  value  of  the  output  short  circuit  current 

measurements  Is  based  on  six  device  samples  from  two 
manufacturers. 

TABLE  5.24.  Output  Short  Circuit  Current  for  Device  Type  02.  1/ 


Input 

Voltage 

<vm> 

Output  Short 
Circuit  Current 

(Ios) 

Unit 

min 

mean 

max 

- 17  V 

560 

780 

■9 

- 32  V 

210 

432  2/ 

560 

- 35  V 

150 

480 

■I 

Spec.  (Vi„ 
(Vin 


- - 17  V)  10  mA  ^ Iog  $ 1.75  A 

- - 32  V)  10  mA  < Iog  < 1.50  A 

- - 35  V)  10  mA  < Iog  ^ 1.00  A 

The  mean  value  of  the  output  short  circuit  current 
measurements  la  based  on  six  device  samples  from  two 
manufacturers. 

One  unit  failed  after  the  Initial  teat  maasureawnt. 
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TABLE  5.25.  Output  Short  Circuit  Current  for  Device  Type  03 


Input 

Voltage 

(Vm> 


Output  Short 
Circuit  Current  (IOB) 


Spec.  (Vln  - -20  V)  10  aA  ^ Ioa  < 1.75 
(Vin  “ -35  V)  10  aA  $ Ioa  £ 1.00 

NOTE:  1 J The  mean  value  of  the  output  ahort  circuit  current 

meaaureaenta  la  baaed  on  two  device  aamplea  from  one 
manufacturer. 

TABLE  5.26.  Output  Short  Circuit  Current  for  Device  Type  05.  1 / 


Input 

Voltage 

(Vm> 


Output  Short 
Circuit  Current 

(Ioa) 

aln 

Man 

MX 

HN 

1.1 

1.25 

.3 

0.37 

.4 

2.75 

3.2 

(Vln  “ - 10V)  20  aA  £ Ioa  < 4.00  A 

(Vm  “ - 25V)  20  aA  £ Ios  $ 3.00  A 

(Vln  " - 35V)  20  aA  £ I0a  £ 2.00  A 

1 / The  taean  value  of  the  output  ahort  circuit  current 

Maiurenenta  la  baaed  on  three  aamplea  from  one  vendor. 
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TABLE  5.27.  Output  Short  Circuit  Current  for  Device  Type  08 


1/ 


Input 

Voltage 

(Vm) 

Output  Short 
Circuit  Current 

(Io.) 

Unit 

min 

mean 

max 

- 30V 

13 

696 

1100 

mA 

- 38V 

2.9 

469 

800 

mA 

- 40V 

2.8 

420 

750 

mA 

Spec.  (Vln  - - 30V)  20  mA  6 I0*  ^ 2.50  A 

(vin  “ * 38V)  20  raA  £ Ioe  ^ 2.00  A 

(Vin  - - 40V)  20  mA  i Ios  ^ 2.00  A 

NOTE:  1/  The  mean  value  of  the  output  short  circuit  current  is 

” baaed  on  nine  device  samples  from  two  manufacturers. 
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TABLE  5-28. 


Electrical  performance  characteristics  for  device  type-  O / 


Characteristics 

Symbol 

Conditions  (fir 
Input  voltage 

lure  8 unless  otherwise 
Load  current 

specified) 

Other 

Limits 

Hi  n | Mi  x 

Units 

Output  voltage 

VOUT 

vIN  *-«v 

V1N-»V 

vIN-^rv 

viri"*v 

IL  • 5"A,  0.S  A 

IL  - 5mA,  05  A 

IL  * 5mA,  SO mA 

IL  « 5 mA 

Ta  * 150°C 

-sxs 

-S.3S 

s*s 

-5.J0 

~^.7S 

-*V 

-4L7* 

V 

V 

V 

V 

Line  regulation 

VRLINE 

■•TV  < V,N  i-l  V 

'tfvr  vIN<-gv 

IL  » SO  mA 

IL  * 390  mA 

•ISO 

-so 

ISO 

» 

mV 

mV 

Load  regulation 

- 

VRLOAD 

VIN*-'®V 

VIN 

S’  mA  < IL  < 

5mA  < IL  < SOtnA 

-100 

-MB 

100 

MO 

mV 

mV 

Standby  current 
drain 

!SCO 

vIN-18v 

V1H 

1^  * 5 mA 

1^  ■ 5 mA 

£•/ 

o./ 

Xo 

Po 

mA 

mA 

Standby  current 
drain  change 
(versus  line  voltage) 

a1scd 

(line) 

Wv  £ VIN  <-*  V 

* 5 mA 

-AO 

/•o 

mA 

Standby  current 
drain  change 
(versus  load  current) 

AISCO 

(load) 

VIH-»V 

S mA  < IL  < 50 OnL 

-OS 

OS 

mA 

Output  short  circuit 
current 

*0S 

v,H  -as-v 



0.0/ 

0.0/ 

/.50 

/•  00 

A 

A 

A 

Peak  output  current 

V|f)  '-fVjforced 

avout 

1 

See  figure  9 

o.7 

A 

Ripple  rejection 

avin_ 

^OOT 

vIN  -lav 

*1  *'  Vrms 

» f * MOOHi 

IL  • 1iS  mA 

See  figure  10 
meter  BW 

10  Hz  to 

10  kHz 

s* 

dB 

Output  noise  voltage 

N0 

vIN.-|#v 

1L  * 98  mA 

See  figure  11 
Ta  * 25°C 

- 

ISO 

‘tlVrms 

T7ifem«/ 

Rejtt  Ution 

VW“--/5V 

It»  500  m* 

rA  • is ’c 

- so 

♦50 

m V 

S TkfT ^ 

1 in/tr 

-•  -IP »' 

SOCm.4 

***  fa*** 

V 

2/*#  imt'rthl 

^0ur 

. 

-/P* 

Xb/d 

Stefy*n  M. 
*S'c 

- 

30-0 

S00J 

/etfnjm 

47*  * 

- 

*5 

•X, 

MOTE:  All  tests  performed  at  TA  ■ 125‘C  may,  at  the  manufacturer's 
option,  be  performed  at  TA  • lSO'C.  Specifications  for  TA  « 1ZS"C 
shall  then  apply  at  TA  ■ 150*C. 
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TABLE  5-29.  Electrical  performance  characteristics  for  device  type  Ot 


NOTE:  All  tests  performed  at  ■ 125*C  may,  at  the  manufacturer's 
option,  be  performed  at  - 150"C.  Specifications  for  » 125"C 
shall  then  apply  at  T.  ■ 150*C. 
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TABLE  5-30.  ri  nlrical  performance  characteristics  for  device  type  OS 


Characteristics 

Symbol 

Conditions  (figure  0 unless  otherwise  specified) 

Limits 

Uni  ts 

load  current 

masam 

im 

KB 

Output  voltage 

VOUT 

v1N 

VIN 

VIM  ^ 
VIN^-»V 

■ S mA,  0.5 A 

IL  * ^mA,  0-5  A 

1^  = 5 mA,  jb  mA 

1^  • 3"mA 

Ta  * 150"C 

-/r«* 

-/CAT 
-ISIS 
’It  to 

-AUf 

•mut 

-/«Af 

-M/O 

H 

Line  regulation 

Vine 

□ 

tsi» 

mV 

Load  regulation 

VoAD 

V » v 

VIN 

s mA  < IL  4 

rmA  < IL 

-309 

-«D 

3M 

mV 

mV 

Standby  current 
drain 

'sen 

V 

1^  » ^mA 

1^  * 5 n,A 

il 

H 

mA 

mA 

Standby  current 
drain  change 
(versus  line  voltage) 

a,scd 

(line) 

* 5 mA 

1.0 

mA 

Standby  current 
drain  chanqe 
(versus  load  current) 

Vlt,  -20  v 

• T’mA  < IL 

il 

0^ 

mA 

Output  short  circuit 
current 

’os 

K23 

/»5t> 
/•  0* 

9 

Peak  output  current 

*pfc 

vm  =-lWv; 

forred 

avout  = * V 

See  figure  9 

jjjj 

■ 

Ripple  rejection 

avi_n 

aVoiu 

V,H  =*>V 
'•l  " ‘ 

0 1 ■ z<f00ht 

I,  » 125 mA 

See  figure  10 
meter  RW 
in  ii/  to 
in  Mi/ 

r* 

■ 

dB 

Output  noise  voltage 

N 

0 

IL  * 50  mA 

See  figure  11 
Ta  * 25-C 

■ 

jea 

BB 

Thermal 

Regulation 

tyrx 

QES9 

Jx*  S00rr>A 

TAfi£'c 

HI 

/ro 

mV 

(23 

I L * SCC  m l 

3E33E 

✓ 

Jc*  5tn/4 

EM 

■ 

30 

W' 

+e*nj/e*f 
tt tf  mte. 

V„*~* OV 

2k  * ro/p/f 

AJ,*  200r*A 

wm. b 

D 

ES 

NOTE:  All  tests  performed  at  • 125"C  may,  at  the  manufacturer* s 
option,  be  performed  at  TA  » 150"C.  Specification*  for  » 125’C 
shall  then  apply  at  ■ 1S0°C. 
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TABLE  5-31.  Electrical  performance  characteristics  for  device  type  ©V 


Characteristics  Symbol  - Conditions  (figure  8 unless  otherwise  specified 
characteristics  symooi  ,nput  voltage 1 Load  current I Other 


Output  voltage 


Line  regulation 


Load  regulation 


Standby  current 
drain 


V0UT  VIN  ’**®V 


IL  * ^ mA,  O.S  A 
IL  * & mA,  0&  A 
1^  * 5 mA,  SO  mA 
I.  ■ 5 mA 


IL  ■ 5b  mA 
I.  » 3SO  mA 


VRL0A0  VIN 


'SCO  VIN'^V 


Standby  current 
drain  change 
versus  line  voltage) 


Standby  current  Al.rn 

drain  change 

(versus  load  current)  ' 04d' 


Output  short  circuit  Ios 
current 


Alsco  "^OKl  ^in  —m2W 

( line) 


A,scn  vin=’8*v 


V,u  '*•  V 


VIN-UV 


Peak  output  current  Ipk  V(N  Vj forced 


Ripple  rejection 


Output  noise  voltage 


Thermal 

Regulation 


IL  • 12$  mA 


T.  ■ 150°C  IsTA 


I • 0 I "A 


Of  I mA 


o on  boo 


See  figure  9 10'S 


See  figure  10  \S4 
meter  BW 
10  Hz  to 
10  kHz 


I j S00*A 


Jx?  room* 


j . rom* 

aftie  a.Odm4 


MOTE:  All  tests  performed  at  • 1?5°C  may,  at  the  manufacturer's 
option,  he  performed  at  * 1$0*C.  Specifications  for  • 125#C 
shall  then  apply  at  ■ 150"C. 
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TABLE  5-32.  Electrical  performance  characteristics  for  device  type  OS 


Characteristics 


Symbol 


Output  voltage 


Line  regulation 


Load  regulation 


Standby  current 
drain 


Standby  current 
drain  change 
(versus  line  voltage) 


Standby  current 
drain  change 
(versus  load  current) 


Output  short  circuit 
current 


'OUT 


'RUNE 


RLOAO 


ftfVi  vIN  ;•»  v 

sWi  V]N  < .Jk 

V 


‘SCO 


AISC0 

(line) 


MSC0 

(load) 


'os 


Peak  output  current 


Ripple  rejection 


T/**rnr>«/ 
ffejJation 


Outpui  non* 

volume 


Sftrtu/ * 


"tuttim*? 

r*s/*»se 


/•«■/  funnest 
rtsptnte 


‘pk 


Conditions  (figure  » unless  otherwise 


Input  voltage 


IN 

IN 

'in 

'm 


= -f  V 

=-»v 

-10  V 


Load  current 


IN 

'IN 


’•10  v 
Jfv 


ViN-)OV 


'IN 


'■35v 


''in--*' 


’in 


=-|0  V 


'IN 

'in 


■25  v 

'-35  v 


jfl  ■ -$  Vjforced 


OUT 


0.4f  v 


A V 


IN 


avout 


/V'( 


iE 


HO  v 


'IN 

e.  * I V 


o f 2«00tfc 


L * 5 "A.  /-0  A 
L * 5">A,  J.O  A 
L « S "'A.  _0-t  A 
. 5 "’A 


01  A 

0-5  a 


S n ^ ^ 1^  ^ A OA 
5m 4 < iL  i t iA 


» 5mA 
i|_  * 5 
I,  - 5 '"A 


specif  fed) 
bther 


Tft  » lire 


Min 


Limits 

TCT 


1-505 
■n JH5 
-5j5 
-5J0 


#.751 

#75 

j-v-xr 

M70 


5»*  < lL  < 


3S0  mA 


V,„*-ISV 


ti*  * 


V 


A **M*y 


7t* 


/CDm/4 

jLQQmA 


-1.0 


V-f 


See  figure  9 


Sen  figure  10 
meter  RW 
MO  II?  to 
10  kHz 


25  b 


ftytreM 


St* 


‘-rim? 


>* 


•150 

-75 


100 

ISO 


0‘S 

0‘S 


001 

0.01 


/•o 


5* 


-50 


Un  i ts 


150 

75 


)0» 

ISO 


30 

*.0 


/*  o 


o.C 


350 

400 


50 


^25 


I- 5.^51 -*.75 


JO 


^5 


mV 

mV 


mV 

mV 


mA 


mA 


dl) 


mV 


KH 


NOTE:  All  tests  performed  at  Tft  * 125"C.  may.  at  the  manufacturer's 
option,  be  performed  at  Tft  - 150*C.  Specifications  for  1^  * 175'C 
Shall  then  apply  at  Tft  * 150"C. 
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TABLE  5-33.  Electrical  performance  characteristics  for  device  type  Oir 


Characteristics 

Symbol 

Conditions  (figure  8 unless  otherwise  specified) 

Limits 

Units 

Input  voltage 

Load  current 

Other 

Min 

Max 

Output  voltage 

V0UT 

vIN  ’-IS  v 

V1N  '*>  V 

v1N  -tfv 
vlN  =-17  v 

1L  * 5 mA,  |.0  A 

1|_  “ S mA,  | .0  A 

IL  **  SmA«  0-!  A 

« S mA 

Ta  * 150°C 

-Ut» 

-12'U 

-HU 

-/JVC 

-ib*n 

-//•¥* 

V 

V 

V 

V 

Line  regulation 

VRL1NE 

-3TV  i v]N  < ./ft 
•3A  V < V,N  < -tfy 

IL  *■  0.1  A 

IL  - OS  A 

-no 

-120 

K* 

120 

mV 

mV 

Load  regulation 

VRL0AD 

VIN  V 

v,N  -3S  V 

< 1L  5.  1.04 
Sn>*  I lL  < 0J4 

-Mo 

240 

340 

mV 

mV 

Standby  current 
drain 

JSCD 

V I N ~*7  V 

VIN 

» SmA 
* 5 mA 

OS 

os 

3 .0 

4.0 

mA 

mA 

Standby  current 
drain  change 
(versus  line  voltage) 

AISC0 

(line) 

< vIN  < 

/ 

1^  » £ mA 

-1.0 

/• 0 

mA 

Standby  current 
drain  champ* 

(versus  load  current) 

A 1 sen 
(load) 

VIN  -17  V 

’ f>»A  r.  >i.  < i o A 

-os 

OS 

mA 

Output  short  circuit 
current 

’os 

VIN  V 

v,N  v 

O-01 

0-02. 

3 -SO 

ZOO 

A 

A 

Peak  output  current 

'pk 

s-tS  Vjforced 

avout  - MS  v 

Sec  figure  9 

10 

4'0 

A 

Ripple  rejection 

avin 

aVout 

rvIN  -17  V 

ei  * 1 Vrms 

9 f * 2400H* 

IL  = 3S6  mA 

See  figure  10 
meter  EW 

10  Hz  to 

10  kHz 

*<t 

“ 

dB 

Output  noise  voltage 

No 

vIN  -17  v 

rL  * 01  A 

See  figure  11 
Ta  * 25"C 

- 

zsro 

"Vrm 

Therm*! 

Rej*  Ution 

IL*  10  A 

V*2S#C 

-120 

no 

tnV 

STa/-t  up 

lArter 

*k=-2? 

Serf/jure/f 

-UiC 

-UK 

hue  fmnstenT 
tc 

0 far 
$*! 

W. 1 - 

1 S'/nA 

See  {>iure  A* 

rjxzst 

- 

so 

iomJ  ilmnttenf 
hctpo*%e 

Afar 

K.- 

J * /OOm A 
ATl*  4 iOOtnA 

See  Ptmutfi 

- 

2* 

NOTE:  All  tests  performed  at  * 125°C  may,  at  the  manufacturer's 
option,  be  performed  at  * 150*C.  Specifications  for  * 125°C 
shall  then  apply  at  * 150°C. 
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TABLE  5-34.  Electrical  performance  characteristics' for  device  type  67 


Characteristics  Symbol  L Conditions  (figure  8 unless  otherwise  specifi 

[ Input  voltage  1 Load  current Othe 


Output  voltage 


Other  1 Min  I Ma> 


Line  regulation 


Load  regulation 


Standby  current 
drain 


Standby  current 
drain  change 
(versus  1 ine  voltage) 


Standby  current 
drain  change 
(versus  load  current) 


Output  short  circuit  lfr 
current  ’ 


Peak  output  current  I . 


Ripple  rejection 


JmA  < IL  <_(.oA 

*iA  < lL  < 0.1  A 


I|  * 3* mAt 


-3f'v  £ VIH 


vin  =*ov 


VIII 


I IL  < hOA 


-3 06  300  mV 

-ma>  49>  mv 


bO  mA 


O.S  I mA 


'ill 


vin  -**«*»; 

forced 


l.ttv 


a^out 


Output  noise  voltage  NQ 


Thermal 

Regulation 


rc/C«i<  Startup 


l/Ae  if  nut  n't 

tetftnte. 


n.  - 1 V 
1 ' rms 

0 f ■*  2400  Hi 


vIM  =-aov 


0.Oi|  3vJD 
0-0i 


See  figure  9 /•£ 


JS6mA 


6.1  A 


See  figure  10  \S4  - •in 

meter  (iW 
10  Hz  to 
10  kliz 


V,*«-2rV  Jtol.0A 


i:<  - -j* 


^ = -^0  * SmA 


3oO 

"Vrms 

ISO 

mV' 

BZIEfl 

3 

a 

^^•sssssr^" 
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TABLE  5-35.  Electrical  performance  characteristics  for  device  type  0% 


Characteristics  Symbol 


Output  voltage 


Conditions  (figure  8 unless  otherwise  specified 


Other 


iiiVUMMn 


Limf  ts 


Max 


V0UT  VIM'*"V 

v1N  =OiV 


V!N  *>  V 


Line  regulation 


Load  regulation 


Standby  current 
drain 


vtN  V 
vIN^v 


V1N 

vIN=-t»v 


li  " 

S mA, 

1.0  A 

!l  * 

S mA, 

1.0  A 

\ * 

S mA, 

0.1  A 

\ ■ 

S mA 

'l  " 

0.1  A 

h “ 

Of  A 

S’mA  < IL 

£ 1-04 

rmA  < IL 

£ O /A 

Standby  current 
drain  change 
(versus  line  voltage) 


Standby  current 
drain  change 
(versus  load  current) 


Output  short  circuit  I 
current 


'USCD 

(line) 


‘SCO  ’IN 
oad) 


vin  =-30  v 


■ 3"  mA 


S*A  £ iL  £/•** 


vin  =’30  v 


V]N  -«0V 


Peak  output  current  I k V[N  Vjforced 


Ripple  rejection 


Output  noise  voltage  I N 


avout  - 2.2 $ v 


avin  vin=^v 


A,W  ei  = 1 Vrms 

« f =2VOOHz 


Thermal 

Regulation 


Vtr,  H» 


Vin*  r 


>L 

3 SO  mA 

>L  * 

0.1  A 

Ii- 

l-OA 

1.0  A 

- £tn/4 

See  figure  10  3* 
meter  BW 
10  Hz  to 
10  kHz 


See  figure  11 
T,  - Z5°C 


SCO 


Z+O  mV 


V**-309 


NOTE:  All  tests  performed  at  « lZST  may,  at  the  manufacturer's 
option,  he  performed  at  « 150"C.  Specifications  for  * 125°C 
shall  then  apply  at  Tft  « 150nC. 
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Figure  5.8.  Kegulatlon  threshold  versus  Input  voltajte  end  load  current 


Device  Type  01  Unit  #4 

Unit  was  destroyed  by  Incorrectly 
connecting  the  device  to  the  curve 
tracer  test  circuit.  Incorrect 
adapter  used.  The  photograph  shows 
evidence  of  being  overstressed  In 
several  areas. 


Figure  5.9a.  Overstressed  negative  regulator  chip. 


Device  Type  02  Unit  #1 

The  unit  ahowed  no  anomalies  during 
the  output  voltage  testa.  Unit  vaa 
destroyed  during  the  output  short 


circuit 

test. 

With 

vtn  - -17. 

I0S 

- 670  mA 

and 

PD  - 11. 4W 

With 

Vin  - -32V, 

ros 

- 210  mA 

During  the  latter  measurem 

»nt,  the 

current  dropped  to  0 sA.  The  unit 
was  destroyed. 


figure  5.9b.  Overstressed  negative  regulator  chip 


Device  Type  04  Unit  #2 

Unit  felled  during  output  short  cir- 
cuit test.  Short  circuit  current 
Iqc  was  greater  than  250  mA  at  Vln  " 
-30V.  Power  dissipation  was  7.5  Watts 

■In  a TO 5 case.  Evidence  of  Insuffi- 
cient current  fold -back. 


Figure  5.9c. 


Overstressed  negative  regulator  chip. 


Device  Type  08  Unit  #1 

Unit  oscillates  during  Initial 
testing.  Developed  an  Input  to 
output  short  circuit  while  loaded. 
Eventually  (swtter  of  seconds),  out- 
put opened. 


Figure  5.9d.  Overstressed  negative  regulator  chip 


Device  Type  05 


Unit  #2  started  mo tor boa ting  at  the 
output  when  |Vj|>  24.5V  and  II  “ 

5.0  mA.  Low  level  oscillations  were 
observed  during  the  test  Interval 
(l.e.,  96Z)  when  the  load  current 
was  aero.  Device  failed  while 
checking  for  the  maximum  load  current 
that  will  degrade  the  output  voltage 
to  -4.75V. 


Figure  5.9e.  Overs tressed  negative  regulator  chip 


Unit  #4 


Device  Type  05 


Unit  #4  failed  after  the  device  was 
plugged  Into  a hot  socket. 


Figure  5.9f.  Overstressed  negative  regulator  chip 


Ufomewrotw® me* 
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SECTION  VI 


DIGITAL-TO-ANALOG  CONVERTERS 


MIL-M-385 10/113 


6.1  Introduction  and  Background 


Since  the  advent  of  the  microprocessor,  the  growth  rate  of  the  digital 
to-analog  converter  and  analog-to-digltal  converter  market  haa  lncreaaed 
markedly. 


In  reaponae  to  that  growth,  the  first  characterisation  effort. of  a JAN 
38510  digital -to-analog  converter  hae  been  Initiated.  The  DAC-08  device  was 
selected  for  characterisation  because  It  meets  the  criteria  of  popularity, 
low  coat  (It  la  monolithic),  auiltlple-sourclng,  and  quality  of  design.  It 
was  originally  Introduced  by  Precision  Monollthlcs,  Inc.  and  has  become  one 
of  the  most  popular  8-blt  dlgltal-to-analog  converters  on  the  awrket  today. 

Initially,  proposed  specifications  for  the  DAC08,  the  DAC08A,  and  the 
1508  were  received  from  the  JC-41  Committee.  As  the  characterisation  effort 
evolved,  emphasis  shifted  to  the  DAC08,  which  haa  superior  performance  for 
at  least  three  parameters  ...  namely,  voltage  cooq>llance,  settling  time,  end 
supply  current.  In  order  to  Include  the  needs  of  most  users,  both  a standard 
version  of  the  0AC08  (O.m  non-llnearlty)  and  the  higher  precision  DAC08A 
(0.1%  non-llnearlty)  have  been  specified  In  the  proposed  slash  sheet. 

6.2  Description  of  Device 


The  DAC08  Is  sn  8-blt  monolithic  multiplying  D/A  Converter,  having  dual 
complementary  current  outputs.  The  outputs  hsve  s lsrge  voltage  compliance 
range  of  + 18V  to  -10V,  and  a full  scale  current  of  2 mA.  it  Is  used  with 
an  external  reference,  which  may  be  either  positive  or  negative;  however.  In 
the  true  sense  of  the  word.  It  Is  not  a multiplying  DAC  that  can  be  used  with 
an  AC  reference  directly  (without  biasing  or  additional  external  circuitry). 

The  DAC08  is  a very  high  speed  device,  having  a maximum  settling  time 
of  135  nsec  to  ± 1/2  LSB.  The  device  can  Interface  directly  with  various 
logic  families  by  appropriate  pin  programing  of  the  adjustable  logic  Input 
threshold.  Supply  voltages  can  range  from  ± 4.5V  to  ± 18V. 


A functional  diagram  of  the  device  la  shown  In  Figure  6.1,  along  with 
typical  external  connections.  With  VR-p(-)  grounded  and  Vg£p(+)  tied  to 
10  VDC  through  a 5K  ohm  resistor,  a 2V0  mA  current  flows  Into  VREF(+).  That 
current  then  flows  through  the  reference  transistor  and  reference  IK  ohm 
resistor  which  sets  the  base  voltage  at  the  reference  transistor  and  at  all 
the  other  current  sink  transistors.  The  MSB  current  sink  sinks  1 mA.  The  « 

second  bit  current  sink  sinks  1/2  mA;  the  current  level  decreases  by  a factor 
of  1/2  with  each  succeeding  current  sink  due  to  the  R-2R  ladder  configuration. 

The  LSB  current  sink  sinks  8 uA.  The  current  switches  only  steer  the  current 
from  either  of  the  two  output  pins.  The  degree  of  insensitivity  of  the  cur- 
rent sinks  and  switches  to  voltage  variations  at  the  outputs  is  termed  high 
output  compliance. 

6.3  Characterization  of  the  DAC-08 

Static  Test  Parameters 

Table  6-1  shows  the  electrical  performance  limits  that  were  recommended 
by  the  JC-41  Committee  for  MIL-M-38510/113.  Unless  otherwise  specified,  all 
tests  are  performed  with  the  supply  voltage  at  ±15V  and  IREv  set  to  2.00  mA 
(10V/5K/2.)  , and  over  the  temperature  range  of  -55*C  to  +125* C. 

Supply  current  from  both  supplies  Is  measured  only  with  all  input  bits 
high.  With  proper  device  operation,  the  supply  current  Is  not  dependent  on 
the  digital  input  word.  CEOS  checked  supply  current  with  all  input  bits  low 
to  verify  no  dependence. 

The  Full  Scale  Current  Is  the  sink  current  Into  output  IQ  with  all  bits 
high,  or  at  output  I0  with  all  bits  low.  This  test  indicates  to  the  user 
the  gain  error  of  the  device  over  the  temperature  range. 

The  Zero  Scale  Current  Is  the  sink  current  into  either  I0  with  all  bits 
low,  or  into  I0  with  all  bits  high.  This  test  indicates  to  the  user  the 
offset  error  of  the  device  over  the  temperature  range.  Power  supply  sensi- 
tivity Is  checked  for  +VB  from  4.5  V to  5.5  V and  from  12  V to  18  V with 
-V8  at  -18V  and  for  -V8  from  -4.5  V to  -5.5V  and  from  -12V  to  -18V  with 
+Vg  at  +18V  during  full  scale  current  operation.  This  test  checks  the 
variation  in  full  scale  current  Into  both  the  IQ  and  TQ  outputs  due  to  power 
supply  variations. 

The  Output  Current  Range  test  Indicates  to  the  user  the  level  of  full 
scale  current  the  device  can  sink  with  a low  negative  supply  level. 

The  Reference  Bies  Current  test  measures  the  bias  current  Into  the 
grounded  input  of  the  voltage -to-current  converter  section  of  the  device  and 
checks  for  excessive  leakage. 
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The  High  Level  Input  Current  test  checks  leakage  current  at  each  of  the 
digital  inputs,  and  the  Low  Level  Input  Current  test  checks  base  current  at 
each  of  the  digital  inputs. 


Voltage  compliance  at  both  of  the  outputs  is  checked  during  full  scale 
operation.  This  test  verifies  that  only  a small  change  in  full  scale  cur- 
rent results  when  voltages  of  +18V  and  -10V  are  forced  at  the  output.  The 
full  scale  current  is  checked  both  to  an  absolute  limit  and  a delta  limit 
from  +18V  to  -10V. 


Linearity  error  is  checked  in  several  forms.  The  positive  bit  errors 
are  summed  and  checked  to  a limit.  The  negative  bit  errors  are  sunned  and 
checked  to  a limit.  The  difference  of  these  two  susu  are  checked  to  assure 
sufficient  freedom  from  bit  interaction  (see  section  for  a further  dis- 
cussion of  this  subject).  A worst  case  linearity  error  is  calculated  by 
aummlng  the  absolute  values  of  the  positive  and  negative  bit  errors  and  the 
difference  of  the  sums  (which  is  a measure  of  bit  Interaction). 


Monotonic ity  is  checked  to  assure  the  user  that  the  transfer  character- 
istics (output  current  vs.  digital  input)  never  reverses  in  slope  (l.e.  - 
never  changes  in  the  wrong  direction).  The  device  manufacturers  claim  that 
it  is  only  necessary  to  check  the  major  carry  points  because  this  is  the 
most  likely  transition  point  to  encounter  such  a failure.  GEOS  data  tends  to 
substantiate  that  claim. 


The  Output  Symmetry  test  assures  a good  match  between  IQ  and  Iq  full  scale 
output  currents. 


The  Full  Scale  Current  Temperature  Coefficient  Check  calculates  the 
variation  in  full  scale  current  due  to  a variation  in  temperature.  This 
test  gives  the  user  the  temperature  coefficient  of  the  gain  error  Including 
the  offset  error.  If  sero  scale  current  temperature  coefficient  was  also 
calculated,  then  offset  error  TC  and  gain  error  TC  could  be  separated  out  of 
out  of  the  Full  Scale  Current  Temperature  Coefficient  data. 

Dynamic  Test  Parameters  (25#C  only) 


The  Propagation  Delay  Test  measures  the  time  it  takes  for  the  output  to 
respond  to  an  all-blts-high  to  all-blts-low  transition  and  to  an  all-blts- 
low  to  all-bits-hlgh  transition.  These  measurements  are  made  from  the  50% 
point  of  input  to  the  507.  point  of  the  output. 

The  Settling  Time  Test  measures  the  response  time  between  the  50%  point 
of  the  input  transition  (all-bits-hlgh  to  all-blts-low  or  all-blts-low  to 
a 11 -bits -high)  and  the  point  at  which  the  output  settles  to  within  4 micro- 
amperes (one  half  of  a least  significant  bit)  of  the  final  value.  Por  a 
500 J7.  load  resistor  4 microamperes  corresponds  to  2 millivolts. 


Figure  6-2  shows  the  static  test  circuit  recommended  by  the  JC-41 
Committee.  Although  it  is  not  readily  apparent  how  the  voltage  compliance 
test  is  performed  using  this  circuit,  it  sppears  thst  the  following  technique 
is  used:  (1)  SW6  is  set  to  the  Iout  position,  (2)  + 18  V is  applied  to 

Iout  wlth  SW1  *nd  sw2  °Pen*  O)  the  current  drawn  into  Iout  is  measured  with 
SU5  closed  for  18  V compliance  end  with  SW5  open  for  -10  V compliance. 

The  static  test  circuit  shown  in  Figure  6-3  wss  used  end  may  be  more 
suitable  for  bench  testing  when  a problem  arises.  The  + 18  V voltsge  com- 
pliance test  is  performed  by  setting  pin  15  to  + 18  V and  setting  pin  13  to 
35  V and  pin  14  to  0V  (i.e  - set  the  op-amp  supply  voltage  to  V + ■ 35  V and 
V - » 0V) . Offset  due  to  the  finite  common  mode  rejection  ratio  of  the  op- 
amp  and  other  offset  errors  are  calibrated  out  by  opening  K3a  and  measuring 
the  voltage  at  pin  24  with  the  reference  DAC  set  to  zero.  The  contribution 
of  gain  error  associated  with  the  .01%  resistor  tolerance  is  not  a signifi- 
cant factor  and  does  not  contribute  to  the  errors  in  the  linearity  tests. 

The  16  bit  DAC  is  linear  to  .003%  so  that  its  error  contribution  to  the 
linearity  measurement  is  not  significant. 

At  a recent  meeting  of  the  JC-41  D/A  converter  subcommittee  this  test 
circuit  was  criticized  for: 

(1)  use  of  .01%  resistors  which  degrade  the  accuracy  of  the  16  bit 
reference  DAC  and 

(2)  use  of  a voltage  output  reference  DAC  Instead  of  a current  output 
reference  DAC. 

The  answer  to  (1)  is  that  the  .01%  resistors  only  contribute  gsln  error  ex- 
cept during  the  compliance  test  when  an  offset  error  is  generated  (which  is 
calibrated  out).  In  any  case,  linearity  error  is  certainly  not  degraded. 

The  answer  to  (2)  is  that  a current  output  reference  DAC  could  be  used  and 
such  a variation  would  be  quite  acceptable. 

Settling  Time  and  Propagation  Delay  Test  Circuit 

Figure  6.4  shows  the  settling  time  and  propagation  delay  test  circuit 
recommended  by  the  JC-41  Committee.  The  two  diodes  (Schottky,  although  not 
so  identified)  connected  in  opposite  directions  provide  clamping  to  avoid 
saturation  of  the  oscilloscope  preasq>llf ier . Vgnj  provides  bias  through  Ql 
to  determine  the  clamp  level.  When  the  settling  time  to  be  messured  is  for 
the  low-to-hlgh  transition  of  the  input,  the  output  goes  from  0V  to  -0.67V 
without  any  bias.  V^nj  biases  the  output  so  that  the  settling  level  is  at  OV 
instead  of  -0.67  V.  ^Therefore,  with  VADJ  at  2.6  V,  settling  tine  due  to  the 


I 
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low-to-hlgh  Input  transition  la  measured.  When  the  settling  time  due  to  the 


high-to-low  transition  la 
emitter  at  0 V. 


soured,  VADJ  la  set  to  + 0.6  V which  seta  the 


This  circuit  seems  to  have  several  unnecessary  parts.  Ql,  D3  and  R2 
could  be  eliminated  and  the  VAqj  simply  applied  to  R1  where  Ql  was  connected . 
One  potential  problem  with  this  circuit  Is  the  high  parasitic  capacitance 
et  Vout*  This  circuit  was  used  with  non-Schottky  diodes  with  poor  results. 
While  awaiting  delivery  of  the  Schottky  diodes  another  test  circuit  sped- 
fled  in  the  PHI  data  sheet  was  built  with  non-Schottky  dlodea.  The  results 
were  better,  but  were  not  acceptable  until  the  Schottky  diodes  were  In- 
stalled. 


Figure  6-5  shows  the  Settling  Time  and  Propagation  Delay  Circuit  that 
yielded  the  beat  results.  The  major  advantage  of  this  circuit  la  the  lower 
parasitic  capacitance  made  possible  by  the  addition  of  Ql.  Q2  Isolates  the 
claatping  node  from  the  scope  probe  capacitance. 

The  0.1  uf  bypass  capacitor  at 
should  be  a BX  ceramic  and  be  as  close  as  possible  to  RL.  The  Schottky 
diode  GEOS  used  was  a Motorola  MBD501. 


The  key  to  measuring  100  nsec  settling  time  Is  avoid  saturation  of  the 
oscilloscope  preamp.  This  can  be  accomplished  in  two  ways.  One  way  Is  to 
use  a sampling  preamp  such  as  a Tektronix  3S1  and  to  advance  the  delay 
vernier  to  read  the  settling  time.  Since  the  sampling  preamp  only  samples 
what  is  displayed,  saturation  of  the  preamp  Is  avoided  by  not  displaying 
that  level.  Another  way  to  avoid  saturation  of  the  preamp  Is  to  use  a 
differential  comparator  preamp  such  as  the  Tektronix  7A13,  which,  at  the 
1 mv./dlv.  sensitivity,  will  not  saturate  until  the  signal  exceeds  ± 800 
millivolts.  GEOS  used  the  former  approach. 

Slew  Rate  Test  Circuit 

Reference  Amplifier  Input  Slew  Rate  Is  the  measure  of  the  maxlsaim  rate 
of  change  of  the  output  current.  Figure  6-6  shows  the  Slew  Rate  Teat  Cir- 
cuit recomnended  by  the  JC-41  Committee.  With  all  bits  high,  the  reference 
current  Is  stepped  from  0 mA  to  2 mA  while  Vout  Is  monitored  with  an  oscil- 
loscope.  The  test  Is  repeated  with  all  bits  low  while  monitoring  VQut • 

This  test  circuit  operated  properly  using  a voltage  source  with  a 50 JV 
source  lsq>edance,  50_rx  coax  and  a 50_n.  terminator.  The  15  pf  capacitor  at 
pin  16  la  a compensation  capacitor  for  the  op-amp  (used  aa  a voltage-to- 
current  converter) . The  fast  slew  rate  that  la  achieved  In  this  configura- 
tion would  not  be  obtained  In  the  fast  settling  configuration.  The  compen- 
sation capacitor  la  selected  according  to  the  user's  need  (fast  slew  rate 
or  fast  settling  time) . 
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Laboratory  evaluation  of  the  DAC08  revealed  no  apoarent  anomalies  with 
the  device.  The  test  parameters  recommended  by  the  JC-41  Committee  are 
adequate,  although  two  additional  parameters  are  recommended  by  Ordnance 
Systems.  The  first  is  a test  for  V^c,  a logic  control  signal  that  permits 
interfacing  with  several  types  of  logic  control.  This  should  be  a 100% 
test,  since  it  checks  the  functional  operation  of  the  device.  A second  test 
recommended  is  that  of  output  glitching.  Ordnance  Systems  has  not  tested 
glitching  in  this  initial  effort,  but  it  is  recomnended  for  follow-on  action. 
Due  to  the  difficulty  of  performing  the  test,  it  should  be  a sample  or  quali- 
fication test  to  establish  some  form  of  control  for  this  characteristic. 

The  JC-41  Committee  has  been  informed  of  these  recommendations ; the  vendors 
do  not  presently  test  for  these  parameters  in  their  own  facilities,  but 
would  consider  a test  circuit  proposal  for  the  test.  (This  will  be 
developed  by  Signet ics  for  consideration  by  all.)  They  would  prefer  to 
have  the  glitch  test  done  during  device  characterization,  and  not  have  a 
test  for  it  in  the  JAN  spec.  However,  they  do  recognize  the  need  to  have 
some  form  of  control  for  new  vendors,  or  for  device  redesigns. 
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Comments  on  Test  Parameters 
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Devices  Used  For  Testing 

Devices  used  for  testing  were  obtained  by  two  methods:  (1)  a request 
for  10  devices  from  each  manufacturer  was  made  by  RADC , this  group  being 
identified  as  the  "industry  sample";  (2)  small  quantities  were  purchased 
through  standard  Ordnance  System  procurement  procedures  from  distributors, 
this  group  being  identified  as  the  "purchased  sample". 


Industry  sample 


DAC08  Signetlcs 

20  devices 

1508  AMD 

10  devices 

AMD 

10 

Datel 

15 

Datel 

15 

PMI 

20 

Fairchild 

13 

PMI 

20 

78 

45_ 

Late  arrivals 

Motorola 

10 

Motorola 

10 

National 

10 

98 

55 

Purchased  sample  (GEOS 

and  RADC) 

DAC08  Signetlcs 

13  devices 

1508  Signetlcs 

3 

AMD 

8 

Fairchild 

3 

Fairchild 

3 

PMI 

3 

PMI 

13 

Motorola 

3 

37 

12 

The  industry  sample  was  first  tested  by  Signetlcs,  who  volunteered  to  do  the 
testing  at  their  facility,  using  their  standard  factory  test  program 
(Signetlcs  also  chairs  the  JC-41  Subcommittee  on  Data  Converters).  The 
"late  arrivals"  Identified  above  were  not  included  in  the  Signetlcs  test 
group. 

Ordnance  Systems  tested  two  groups  of  devices...  33  devices  from  the 
purchased  sample,  and  five  devices  from  the  Industry  sample.  Data  sheets 
which  have  a "manufacturer  code"  heading  of  "XXXX"  are  from  the  industry 
sample;  all  others  are  from  the  purchased  sample.  There  is  no  correlation 
between  the  serial  numbera  in  the  two  teat  groups,  since  each  were  assigned 
at  different  companies  at  different  times. 

Static  data  was  taken  on  49  samples.  The  static jiata  includes  a 
linearity  plot  of  all  256  points  for  both  the  IQ  and  I outputs  at  three 
temperatures  (294  linearity  plots).  Bench  data  on  at  least  15  devices  was 
also  taken  for  all  dynamic  tests. 
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6.4  Automatic  Test  Development 


Software  was  developed  for  the  Tektronix  S-3263  Test  System  to  provide 
for  automatic  test  of  the  DAC-08.  All  the  static  testa  recommended  by  the 
JC-41  Committee  plus  some  additional  static  tests  were  included  in  the 
software  development. 

General  Static  Testing 

Figure  6-3  shows  the  test  circuit  for  the  static  tests  performed  on  the 
on  the  S-3263.  Unless  otherwise  specified  pin  11  is  connected  to  + IS  Vdc, 
pin  12  is  connected  to  -15  Vdc,  K3b  is  switched  to  ground,  Kl  is  switched 
to  the  MN2001,  K3a  is  closed,  K4  is  switched  to  ground,  pin  15  is  grounded, 
pin  13  is  connected  to  + 15  Vdc,  pin  14  is  connected  to  - 15  Vdc  and  pin  10 
is  grounded. 


A calibration  program  is  always  run  at  the  start  of  testing  to  assure 
proper  adjustment  of  zero  and  full  scale  outputs  levels  of  the  reference 
DAC.  Potentiometers  are  adjusted,  when  necessary,  to  provide  negligible 
gain  and  offset  error. 


The  test  begins  with  positive  and  negative  supply  currents  being 
checked  with  all  bits  high  and  all  bits  low. 


An  offset  measurement  is  then  performed  with  K3a  open  and  K4  switched 
to  the  reference  DAC  with  its  inputs  set  to  all  zeros.  The  offset  is  sub- 
tracted out  to  improve  measurement  accuracy  when  necessary. 


Full  scale  current  out  of  IQ  and  I0  is  measured  using  the  reference 
DAC  at  its  calibrated  full  scale  setting.  Offset  correction  is  performed 
on  the  result. 


A second  offset  measurement  is  performed  with  K4  switched  to  ground 


Zero  scale  current  out  of  IQ  and  IQ  is  then  measured  with  K4  switched 
to  ground.  Offset  correction  (using  the  second  offset  measurement)  is 
also  performed  on  the  result. 


Power  supply  sensitivity  teste  are  run  as  described  in  section  6.1 


An  offset  measurement  at  pin  26  with  K3  open  is  performed  in  prepara 
tion  for  the  output  current  range  test  which  uses  + 30V  and  -5V  power 
supplies  for  0A1. 


The  Output  Current  Range  Test  is  then  performed  with  a -5V  negative 
supply  while  using  a +15V  reference.  The  same  test  is  repeated  with  a -7V 
negative  supply  while  using  a +25V  reference.  The  measurement  is  made  on 
output  pin  26  with  +30V  and  -5V  power  supplies  on  0A1.  Both  outputs  of  the 
DAC -08  are  checked. 


The  Reference  Bias  Current  of  the  op-amp  which  la  Internal  to  the 
DAC-08  la  measured  at  pin  10.  The  tester  forces  0V  and  measures  the  cur 
rent. 


High  Level  Input  Current,  which  Is  leakage  current.  Is  measured  for 
each  digital  Input.  Low  Level  Input  Current,  which  Is  base  current.  Is  also 
measured  for  each  digital  Input. 


Another  pair  of  offset  measurements  at  pin  24  are  performed  with  K3 
open  and  the  reference  DAC  set  at  zero.  These  measurements  are  made  with 
-H8V  and  -10V  common  mode  voltages  at  0A1  which  are  used  for  the  voltage 
compliance  tests. 

The  +18V  Compliance  Test  Is  performed  on  both  outputs  by  setting  pin 
15  to  +18V  and  measuring  full  scale  current.  The  -10V  Compliance  Test  is 
performed  similarly  with  pin  15  at  -10V. 

Linearity  and  Monotoniclty  Testing 

For  measuring  DAC-08  linearity  error  the  S-3263  compares  the  linearity 
of  a reference  DAC  with  the  linearity  of  the  DAC  under  test.  This  test 
measures  relative  bit  weight  difference  (RBWD) . Referring  to  Figure  , 
one  can  see  that  the  difference  in  bit  weights  is  linearly  related  to  the 
significance  of  the  bits.  For  perfect  linearity  and  no  offset  error,  the 
relative  bit  weight  difference  is  linearly  related  to  how  significant  that 
bit  is  and  is  due  to  the  difference  in  gains.  Any  error  from  this  linear 
relationship  is,  therefore,  due  to  linearity  error,  assuming  an  insigni- 
ficant linearity  error  for  the  reference  DAC. 

Two  basic  techniques  for  measuring  linearity  error  are  utilized.  The 
first  technique  checks  only  the  weight  of  each  bit  and  proceeds  to  show 
that  there  is  no  bit  weight  interaction. 


The  question  that  now  arises  is  what  assurance  does  one  have  that  there 
is  no  bit  weight  interaction.  That  is,  when  one  activates  one  bit  alone 
and  determines  its  weight  that  same  bit  may  have  a slightly  different  weight 
when  any  or  all  other  bits  are  activated.  The  converter  industry  tries  to 
answer  this  question  by  summing  the  positive  and  negative  deviations  and 
comparing  it  to  the  deviation  with  all  bits  activated.  The  all  bits  "on" 
state  mathematically  forces  the  difference  in  positive  and  negative  bit 
weight  deviations  to  zero.  The  difference  between  the  summed  positive  and 
negative  deviations  is  a measure  of  the  bit  weight  interactions.  This 
approach  assumes  uo  cancellation  effects  in  the  all  bits  "on"  state.  That 
is,  one  bit  weight  may  rise  due  to  one  interaction  while  another  bit  may 
drop  due  to  another  interaction,  so  that  a worse  case  linearity  error  can 
occur  only  for  a certain  bit  combination.  The  only  way  to  check  for  that 
phenomenon  is  to  check  each  digital  word,  which  is  our  second  approach. 


The  technique  for  checking  linearity  at  each  digital  word  is  as  follows: 

1.  As  in  the  first  technique,  establish  a theoretical  straight 
line  between  all  bits  "on"  and  all  bits  "off".  Since  the 
reference  DAC  will  be  used,  all  measurements  will  be  relative 
to  the  reference  DAC. 

2.  All  digital  word  values  will  then  be  predicted  by  on-line 
calculations  and  errors  relative  to  the  theoretical  straight 
line  determined. 

The  all  bits  "on"  state  is  used  to  establish  the  theoretical  straight 
line  because  the  gain  and  adjustments  are  usually  performed  by  the  user  for 
that  condition.  Therefore,  any  argument  that  it  is  not  the  best  straight  line 
is  purely  academic. 

The  offset  errors  are  also  a concern.  The  offsets  of  the  DAC  under 
test,  the  reference  DAC  and  the  op  amps  are  simply  measured  all  at  once 
and  subtracted  out  of  each  measurement  as  part  of  the  data  manipulation  in 
software. 

The  basic  steps  used  in  the  S-3263  software  to  accomplish  the  first 
technique  are  aa  follows : 

1.  Set  the  device  under  test  (D.U.T.)  to  all  bits  "off"  and  the 
reference  DAC  to  all  bits  "off"  and  measure  the  combined  offset 

<Vcos>  * 

2.  Set  the  D.U.T.  to  all  bits  "on"  and  the  reference  DAC  to  the  8 
most  significant  blta  "on"  and  determine  the  full  scale  difference 
(FSD)  by  subtracting  VgQg  from  the  measured  value  (Verror)  and 
dividing  by  100,000  ohma  (20  x 5,000  ohms). 

V v 

error  - VC0S 

IpSD  " 1 a“P* 

100  ,000  ohms 

3.  Set  the  D.U.T.  and  reference  DAC  to  all  bita  "off"  except  the  most 
significant  bit  (MSB).  Subtract  Vcos  from  the  measured  value 
(Verror^  and  divide  by  100,000  ohms. 


^rrorj  “ vC0S 
IRBWD1  “ 100,000  ohms 


4.  The  linearity  error  is  calculated  as  follows: 


rFS 


5.  Repeat  steps  3 and  4 with  the  second  most  significant  bit  and 
replace  (1/2) 1 with  (1/2)2. 

6.  Repeat  5 for  the  other  Ncn  bits  using  the  appropriate  (1/2)  factor. 

7.  To  check  for  worst  case  linearity  error 

£ NL+  - 0 ± .197.  (for  DAC-08  only) 

£.NL"  - 0 ± .197.  (for  DAC-08  only) 

8.  To  assure  an  Insignificant  amount  of  bit  interaction 

A £NL  - |ZNL+  j - |Fnl"  | - 0 ± .05%  (for  DAC-08  only) 

9.  For  the  case  where  bit  Interaction  is  near  the  limit,  a tighter 
bit  weight  error  limitation  is  required  as  follows: 

( ZNL+  I - [d2T  NL  ( - 0 ± .197.  (for  DAC-08  only) 

I X Nl"  1 - |AZnl  \ - 0 ± .19%  (for  DAC-08  only) 

The  next  approach  checks  every  digital  word  using  the  following  steps: 

1.  Determine  Vcos  and  IpsD  as  before. 

2.  Step  the  D.U.T.  from  00000001  to  11111110  and  calculate  the  non- 
linearity at  each  digital  word.  For  example,  for  the  00000011 
input  the  non-linearity  is  given  by 


nl3 


/ v.rror  “ 

vcos\ 

/ 3 X IfSD^ 

\ 100,000 

ohms  / 

l 156  ) 

IFS 


0 ± .19% 

(for  DAC-08  only) 


1 


1 


where  IpS  Is  the  full  scale  current  out  of  the  D.U.T.  and  is  2 mA. 
Of  course,  this  la  only  the  non-linearity  relative  to  the  reference 
DAC,  but,  alnce  ita  linearity  is  .003%  or  better,  the  difference  is 
not  that  significant.  This  test  should  also  check  for  monotonlelty 
at  each  point.  The  aamotonlclty  calculation  going  from  00000010 
to  00000011  is 
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1 Change 


0 to  0.87.  (2  LSB) 


verror3  “ verror2  " VC0S 

100,000  iFS 


The  converter  Industry  uses  the  bit  interaction  check  to  substantiate 
checking  only  the  major  carries  for  monotonlclty . The  data  from  every  point 
will  determine  the  validity  of  their  approach. 

As  for  the  way  of  presenting  the  linearity  data,  a horizontal  plot  of 
the  non-linearity  of  255  points  provides  a good  visual  profile  of  the  DAC 
performance.  This  plot  also  Indicates  if  there  Is  any  monotonlclty  problem. 
A sample  plot  of  the  data  points  Is  shown  In  Figure  6-8. 


6.5  Evaluation  of  Data 

6.5.1  Dynamic  Test  Data 

Settling  Time  and  Propagation  Delay  Data 

Table  6-1  lists  the  bench  data  taken  on  devices  from  five  manufecturers . 
All  vendors  except  for  vendor  H had  little  or  no  problems  with  meeting  the 
135  nanosecond  settling  times.  The  vendor  H devices  also  exhibited  a 20  mV 
dip  near  the  settling  area  of  the  curve  which  Increased  their  total  settling 
time  for  TShl. 


The  same  test  circuit  was  used  to  make  propagation  delay  awasurements . 
Table  6-3  shows  that  all  the  vendors'  devices  checked  had  prop  delays  In  the 
range  of  30-50  nsec,  except  for  the  vendor  H device  which  was  close  to  the 
60  nsec  limit.  The  typical  settling  time  waveforms,  shown  in  Figure  6-9, 
exhibit  typical  propagation  delays  for  both  transitions. 

Slew  Rate 

Using  the  slew  rate  test  circuit  shown  In  Figure  6-6,  slew  rate  data 
was  taken  on  13  devices  from  the  purchased  sample,  and  5 devices  from  the 
industry  sample.  All  of  the  data  exceeded  the  minimum  value  of  1.5  mA/nsec. 
The  data  is  tabulated  in  Table  6-4. 
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Output  Current  Range 


High  and  Low  Level  Input  Current* 


6.5.2  Static  Test  Data 

Table  6-5  Is  a statistical  tabulation  of  the  static  test  data  at  three 
temperatures  on  all  33  samples  tested  by  using  wide  reject  limits.  Table 
6-6  uses  the  reject  limits  proposed  by  the  JC41  Committee  to  present  the 
statistical  data. 

Supply  Currents 

The  positive  and  negative  power  supply  current  data  Indicates  that  the 
JC-41  limits  are  wide  enough  to  avoid  nuisance  failures. 

Full  Scale  and  Zero  Scale  Current 


The  full  scale  current  and  zero  scale  current  limits  are  wide  enough  to 
avoid  unnecessary  failures.  The  mean  full  scale  current  was  1.99  mA,  which 
tends  to  support  setting  the  acceptable  range  at  1.99  ± .05  mA  as  proposed. 

Power  Supply  Sensitivity  from  i V8  and  from  - Vs 


All  the  power  supply  sensitivity  limits  were  acceptable.  A wider  range 
is  justified  for  the  12  V to  18  V variation  than  for  the  4.5  V to  5.5  V 
variation,  as  is  already  specified. 


Some  problems  were  encountered  meeting  the  limits  specified  by  the  JC-41 
Committee.  The  IFSRl  limit  of  2.1  mA  min.  was  only  a problem  for  one  vendor's 
devices.  The  IFSR2  limit  of  4.2  mA  min.  was  not  realistic  for  -V8  ■ -7.0V. 

Not  one  device  could  meet  it.  The  JC-41  D/A  converter  subcommittee  has 
recently  suggested  setting  -Vs  to  -12  V instead  of  -7  V.  This  new  setting 
has  not  been  specifically  tried,  but  earlier  bench  tests  have  indicated  that 
changing  -V8  to  -8  V or  more  will  allow  most  devices  to  meet  the  4.2  mA  min; 
therefore,  -V8  ■ -12  V should  leave  a comfortable  margin. 


Reference  Bias  Current 


The  limits  recommended  by  the  JC-41  Committee  allow  fdr  0.1  uA  of  cur- 
rent reversal.  This  reversal  would  be  caused  by  approximately  1 uA  of  leakage 
current  which  may  be  due  to  surface  contamination.  The  data  taken  by  both 
Signetics  and  CEOS  indicated  no  reversal  of  measured  current.  GEOS  does  not 
see  the  need  for  allowing  for  bias  current  reversal  and  would  rather  be 
rejecting  devices  that  exhibited  bias  current  reversal.  The  other  end  of 
the  limit  (-3.0  uA)  does  not  present  any  problems. 


The  JC-41  Coranittee  recommended  limits  for  the  high  level  input  current 
(which  la  really  leakage  current)  only  specifies  a maximum  which  is  at  10  uA. 
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The  Slgnetics  data  does  not  look  sensitive  enough  to  draw  any  conclusions  from. 
The  GEOS  data  varied  from  a maximum  of  + .04  uA  to  a minimum  of  - .002  uA. 
Therefore.  GEOS  recommends  a maximum  limit  of  1 uA  and  a minimum  limit  of 
- 0.1  uA.  The  - 0.1  uA  allows  for  leakage  current  in  the  test  fixture. 

The  low  level  input  current  limit  of  - 10  uA  (minimum)  leaves  a comfort- 
able margin  to  avoid  nuisance  failures.  A maximum  limit  of  zero  could  be 
provided  for  the  detection  of  excessive  leakage  current,  but  this  is  already 
provided  by  the  high  level  input  current  test. 

Full  Scale  Current  at  + 18  V Compliance  and  - 10  V Compliance 

No  problems  were  encountered  with  the  compliance  tests.  The  limits 
recommended  by  JC-41  are  reasonable  and  should  not  lead  to  nuisance  failures. 

Change  in  F.S.  Current  Due  to  Voltage  Compliance 

The  4 uA  (1/2  LSB)  limit  at  - 55®C  set  by  the  JC-41  Committee  for  the 
change  in  full  scale  current  due  to  voltage  compliance  is  not  easily  achieved. 
In  fact.  Vendor  H exhibits  almost  ten  times  that  amount.  Only  Vendor  E has 
no  problem  meeting  the  4 uA  limit.  In  order  to  avoid  poor  yields,  an  8 uA 
(1  LSB)  limit  should  be  used  at  -55®C.  One  manufacturer  will  still  be  unable 
to  achieve  this  limit  unless  he  improves  his  design.  The  other  five  manu- 
facturers should  have  no  problems. 

Linearity 

Because  linearity  is  the  most  important  characteristic  of  the  DAC-08  a 
great  amount  of  effort  was  expended  to  determine  validity  of  the  measurement 
assumptions  and  the  actual  linearity  of  the  devices. 

The  question  concerning  bit  interaction  was  "Is  the  difference  of  the 
sum  of  the  positive  and  the  sum  of  the  negative  bit  errors  a conservative 
measure  of  bit  Interaction?"  The  answer  seems  to  be  yes.  The  worst  case 
linearity  was  estimated  by  adding  the  absolute  value  of  the  difference 
(described  above)  to  the  sum  of  the  positive  bit  errors  (to  get  the  positive 
worst  case  linearity)  and  to  the  sum  of  the  negative  bit  errors  (to  get  the 
negative  worst  case  linearity).  Comparing  these  worst  esse  llnesritles  with 
the  actual  linearity  errors  obtained  by  measuring  all  256  digital  words,  one 
must  conclude  the  worst  case  linearity  was  always  considerably  worse  than  the 
actual  linearity  error.  That  Is,  the  bit  interaction  was  never  worse  than 
that  observed  with  all  bits  on. 


i 


VI-15 


As  for  Che  linearity  of  Che  devices,  Che  worst  linearity  always  occurred 
at  -55°C.  The  positive  and  negative  bit  errors  exceeded  0.19%  only  occasion* 
ally  at  -55*C.  The  Positive  and  Negative  Bit  Error  Difference  (Bit  Inter- 
action) had  a mean  of«0.045%  and  a standard  deviation  of  0.0037.  to  0.004% 
and  rarely  exceeded  the  .05%  limit.  Positive  Relative  Accuracy  and  Negative 
Relative  Accuracy,  which  is  the  worst  case  linearity  mentioned  earlier, 
exceeded  0.19%  for  many  devices.  In  most  cases,  exceeding  this  limit  did 
not  indicate  an  actual  linearity  error  greater  than  0.197.. 

Other  notable  characteristics  that  were  observed  are  that  the  aum  of 
the  negative  bit  errors  was  almost  always  larger  than  sum  of  the  positive 
bit  errors  and  the  actual  linearity  plots  exceeded  the  sum  of  the  positive 
bit  errors  only  slightly  and  rarely  exceeded  the  sum  of  the  negative  bit 
errors . 

The  data  taken  by  Slgnetlcs  does  not  calculate  worst  case  linearity  as 
described  earlier,  but  calculates  a worst  case  word  which  is  the  same  as  the 
sum  of  the  bit  errors  (positive  and  negative). 

Monotonlclty 

The  linearity  data  of  all  256  digital  words  substantiates  the  industry 
position  that  worst  case  monotonlclty  (differential  linearity)  occurs  at  the 
major  carry  points.  The  largest  amount  of  differential  linearity  is  gener- 
ally exhibited  at  the  most  significant  carry  or  the  second  most  significant 
carry. 

The  monotonlclty  of  a converter  is  guaranteed  by  establishing  a linearity 
within  ± 1/2  of  a least  significant  bit.  Therefore,  as  expected,  no  problems 
were  encountered  with  the  16  uA  limit  to  assure  monotonlclty. 

Output  Symmetry 

The  output  symmetry  of  the  IQ  and  T0  outputs  was  well  below  the  8 uA 
limit  specified. 

Full  Scale  Current  Temperature  Coefficient 

Although  Full  Scale  Current  Temperature  Coefficient  was  not  specifically 
included  in  the  static  test  software  program  (due  to  an  oversight) , some 
spot  checks  of  this  limit  indicate  no  problem  at  all.  The  worst  TC  observed 
was  about  25  PPM/*C  (or  about  half  the  specified  limit  of  50  PPM/*C). 


Comparison  of  GEOS  and  Slgnetlcs  Static  Test  Data 


An  attempt  was  made  to  correlate  GEOS  and  Slgnetlcs  Static  Test  Data 
for  five  randomly  selected  devices.  Table  6-7  tabulates  both  sets  of  data. 
In  some  cases,  such  as  the  Output  Current  Range  Tests,  no  data  was  taken  by 
Slgnetlcs. 

The  power  supply  currents  correlate  very  well.  Ifs»  iZS  and  Pwer 
supply  sensitivities  correlate  poorly.  Iref  correlates  fairly  well.  High 
Level  Input  Current  was  difficult  to  correlate  due  to  the  low  resolution  of 
the  Slgnetlcs  data.  Low  Level  Input  Current  correlated  very  well.  The  volt- 
age compliance  Is  measured  by  Slgnetlcs  as  a current  change  due  to  output 
voltage  changes  of  0 to  + 18  V and  0 to  - 10  V.  Therefore,  the  difference 
In  those  measurements  should  correlate  to  the  change  resulting  from  a 18V  to 
-10  V change  as  measured  by  GEOS.  In  fact,  the  correlation  was  very  poor. 
Fair  to  good  correlation  was  obtained  for  most  of  the  bit  errors  except  for 
an  obvious  difference  In  sign.  The  sum  of  the  positive  and  negative  bit 
errors  measured  by  Slgnetlcs  correlated  fairly  well  with  the  GEOS  data.  The 
correlation  for  the  difference  between  positive  and  negative  bit  error 
susmatlons  was  very  poor.  The  Slgnetlcs  data  was  not  even  close  to  the 
limit,  while  the  GEOS  data  was  very  close  to  the  limit. 


Comparison  of  GEOS  and  Slgnetlcs  Dynamic  Test  Data 

Table  6-8  tabulates  GEOS  and  Slgnetlcs  data  on  the  same  devices.  The 
settling  time  test  data  shows  fair  correlation.  The  tpm  propagation  delay 
data  correlates  very  well,  while  the  tp^L  data  correlates  poorly.  The  Ref- 
erence Amplifier  Slew  Rate  data  correlates  very  poorly.  One  reason  for  such 
disappointing  correlation  may  be  the  difference  In  teat  circuits  used.  For 
example,  all  the  GEOS  test  set-ups  used  RL  ■ 1 K ohm,  while  the  Slgnetlcs' 
test  set-ups  used  RL  - 20(W*ettling  time),  RL  * 50a.  (prop  delay)  and  RL  - 
100_n.  (slew  rate).  The  RL  used  by  GEOS  was  proposed  by  the  JC-41  Committee. 


VI-17 


6.6  Cone Iu8 Iona 


6.6.1  Static  Tests 

The  following  static  tests  and  their  limits  are  acceptable  as  recommended 
by  the  JC-41  D/A  Converter  Subcommittee  (described  in  Table  6-1) : 

1.  Supply  current  from  + Vg 

2.  Supply  current  from  - Vg 

3.  Full  scale  current 

4.  Zero  scale  current 

5.  Power  supply  sensitivity  from  + Vg 

6.  Power  supply  sensitivity  from  - Vg 

7.  Low  level  input  current 

8.  Full  scale  current  at  + 18  V compliance 

9.  Full  scale  current  at  - 10  V compliance 

10.  Positive  bit  errors  ( NL+) 

11.  Negative  bit  errors  ( NL-) 

12.  Monotonlclty 

13.  Output  symmetry 

14.  Full  scale  current  temperature  coefficient 
Output  Current  Range 

The  IFSR2  limit  of  4.2  mA  min  is  not  realistic  with  - Vs  * -7.0V.  How- 
ever, with  -Vs  ■ -12V  the  limit  will  present  no  problem  with  normal  devices. 

Reference  Bias  Current 

GEOS  recommends  no  bias  reversal  be  allowed  by  the  reject  limits.  All 
data  measurements  indicated  no  need  to  accept  such  devices  which  may  indicate 
excessive  surface  contamination.  Therefore,  reference  bias  current  limits 
should  be  from  -3.0  uA  to  0 uA. 


High  Level  Input  Currents 


Since  this  Is  really  leakage  current  and  GEOS  data  Indicated  maximum  of 
+ .04  uA,  the  maximum  limit  should  be  reduced  to  + 2 uA  to  avoid  accepting 
devices  with  excessive  surface  contamination.  Since  the  lowest  level  mea- 
sured was  -.002  uA,  GEOS  recomnends  a minimum  limit  of  - 0.01  uA  ao  aa  to 
allow  for  possible  leakage  current  in  the  test  fixture.  Therefore,  the  High 
Level  Input  Current  limits  should  be  + 2 uA  to  -OJOI  uA  instead  of  the  + 10  uA 
to  0 uA  recommended  by  the  JC-41  Committee. 

Change  in  F.S.  Current  Due  to  Voltage  Compliance 

GEOS  data  on  this  parameter  indicates  the  need  to  increase  the  limit  at 
-55°C  from  4 uA  to  8 uA  to  avoid  yield  problems. 

Positive  and  Negative  Bit  Error  Difference 

All  measurements  taken  by  CEOS  have  a mean  value  of  about  -0.04%  and  a 
standard  deviation  of  0.003%  to  0.004%.  Looking  at  Table  6-5  one  sees  that 
the  Signetlcs  data  was  not  even  close  to  the  GEOS  data.  Since  the  GEOS  data 
exhibits  this  mean  of  -.04%  and  the  expected  mean  is  zero,  it  may  be  that  the 
GEOS  data  is  erroneous.  On  the  other  hand,  a bias  in  the  bit  interaction 
(inherent  in  the  device  design)  is  also  possible.  It  is  recommended  that 
additional  effort  be  applied  in  order  to  identify  the  reason  for  the  bias. 

Positive  and  Negative  Relative  Accuracy 

The  positlve/negatlve  relative  accuracy  is  calculated  by  adding  the 
difference  of  the  summations  of  the  positive  and  negative  bit  errors  to  the 
positlve/negatlve  b.it  error  summation.  Since  the  positive  and  negative  bit 
error  difference  data  is  questionable,  it  is  Impossible  to  draw  any  con- 
clusions on  the  validity  of  this  measurement  or  the  need  for  it.  If  the 
GEOS  data  is  erroneous  and  the  Signetlcs  data  is  valid,  the  positive  and 
negative  relative  accuracy  would  be  very  close  to  the  positive  and  negative 
bit  error  summations.  On  the  other  hand,  if  the  GEOS  data  is  valid  and  the 
Signetlcs  data  is  erroneous,  it  appears  that  this  parameter  is  simply  a super 
conservative  estimate  of  the  worst-case  linearity  error. 

6.6.2  Dynamic  Tests 

Using  the  Settling  Time  and  Propagation  Delay  Test  Circuit  shown  in 
Figure  6-5,  the  maximum  limit  settling  time  of  135  nsec  and  the  maximum  limit 
for  propagation  delay  of  60  nsec  are  acceptable.  Checking  both  IQ  as  well 
as  IQ  for  these  twc  tests  is  recommended  in  spite  of  the  fact  that  equal  or 
faster  times  were  observed  at  I0.  The  slew  rate  limit  of  1.5  mA/usec  is  also 
acceptable  when  tested  according  to  Figure  6-6,  but  a slew  rate  check  in 
both  the  on  and  off  direction  is  recommended. 
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6.6.3  Recommended  Additional  Tests 


Zero  Scale  Current  Temperature  Coefficient 

If  the  data  taken  for  the  zero  scale  current  test  at  the  three  tempera- 
tures was  used  to  calculate  the  zero  scale  current  temperature  coefficient, 
the  user  would  be  able  to  calculate  the  worst  case  gain  and  offset  tempera- 
ture coefficient.  Since  this  does  not  mean  an  additional  test  and  it  may 
have  some  value  to  the  user,  it  is  recommended  by  GEOS. 

Output  Glitch 

Output  glitches  are  caused  by  unequal  turn-on/tum-of f times  in  D/A 
converter  switches.  For  example,  when  going  from  an  input  word  of  10000000 
to  an  input  work  of  01111111,  an  intermediate  state  of  00000000  or  llllllll 
is  possible  depending  on  the  mismatch  in  response  time  of  the  switches. 
Ordnance  Systems  has  not  tested  glitching  in  this  initial  effort,  but  it  is 
recommended  for  follow-on  action.  Due  to  the  difficulty  of  performing  the 
test,  it  should  be  a sample  or  qualification  test  to  establish  some  form  of 
control  for  this  characteristic. 

Logic  Level  Control  Input 

The  logic  level  control  input,  labeled  Vcc , controls  the  input  threshold 
of  the  switches  so  that  direct  inputs  from  various  digital  logic  families 
can  be  used.  The  test  of  this  control  input  should  be  a 1007.  test  since  it 
checks  functional  operation  of  the  device. 


ircuit  for  static  tests,  JC-41  Committee 
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TABLE  £-]  ELECTRICAL  PERFORMANCE  CHARACTERISTICS  (DEVICE  TYPE  Q1  ) 
JC-M  COMMITTEE  RECOMMENDATIONS 


SYMBOL 


Supply  Currant  From  +VS  1+ 
Supply  Currant  From  -VS  I- 
Full  Scale  Currant  IPS 


Saro  Scale  Currant  IZS 


St«iply  Sensitivity  PSSIFS+1 
i +VS 


pssns+2 


Power  Supply  Sensitivity  PSSIFS- 1 
Pros  -VS 


PSSIFS- 2 


Output  Currant  Range 


Rsfennoe  Bias  Currant 

hi*h  Laval  Input 
Currant 

Low  Laval  Input 
Currant 


CONDITIONS  1/ 


All  input  Bits 
All  input  Bits  High 

All  input  Bits  High,  2/ 
Measure  Io 
All  input_Bits  Low, 
Measure  T0 

All  input  Bits  Low, 

Measure  Io 
All  input  Bits  High, 
Measure  T0 

+V&-+4.T.’  to  +5.5V,  -VS  "-18V 
All  input  Bits  high. 
Measure  lo 
All  input  Bits  Low, 
Measure  T0 

+V5-+12V  to  +18V,  -VS-  -18V 
All  input  Bits  High, 
Measure  I0 
All  input  Bits  Low, 
Measure  To 

+VS  - +18V,  -VS  - -12V  to  -18V 
All  input  Bits  High, 
Measure  Io 
All  input_Bits  Low, 
Measure  Io 

+VS-18V,  -VS»t4.5V  to  -5.5V 
R14  - R15  - 10.000KSI 
All  input  Bits  High, 
Measure  Io 
All  input  Bits  Low, 
Measure  T0 

-VS— S.CfV,  VEEF-U5V 

All  input  Bits  High, 
Measure  I0 
All  input  Bits  Low, 
Measure  To 

-VS  - -7.0 V,  VIW  - ♦25V 
All  input  Bits  Hitfi, 

Measure  I0 
All  input  Bits  Low, 
Measure  T0 

All  input  Bits  Low 

All  input  Bits  VIN  - +18V, 
Bach  input  measured 


separately 

All  input 
Each  input 


separa 


ut  Bits  VIN  - 
put  measured 
taly 


-10V,  .10 
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TABLE  4-/  ELECTRICAL  PERFORMANCE  CHARACTERISTICS  (DEVICE  TYPE  01  ) 
JC-Ul  COmiTTEE  RECOMMENDATIONS 


SYMBOL 


CONDITIONS  1/ 


LIMITS 


Full  Scale  Current 
at  +18V  Compliance 


Full  Scale  Current 
at  -10V  Compliance 


Change  in  full  scale 
current  due  to 
voltage  compliance 


Positive  Bit  Errors 


Negative  Bit  Errors 


Positive  & Negative  Bit 
„ Error  Difference 
lbs  itive  Relative 
Accuracy 


VI0  - VIQ  - +18V 
All  input  Bits  High, 

Measure  I0 
All  input  Bits  Low, 

Measure  T0 

VI0  - vTo  * -10V 
All  input  Bits  High, 

Measure  IQ 
All  input  Bits  Low, 

Measure  T0 

VI0  - +18V  to  -10V, 

Measure  I0 
7T0  - +18V  to  -10V, 

Measure  T0 

(^Positive  Bit  Errors )/IFS, 
Measure  I0  and  To  3/ 

(i' Negative  Bit  Errors)/IFS,~0.19 
Measure  IQ  and  T0  3/ 

/J?NL+J  - /4<NL-  / -0.05 


NL+I  + 


Negative  Relative 
Accuracy 

iMonotonicity 


# NL-  I + M^NL  I 


(Ion  “ Ion-1) > 0 at  each 
major  carry  point.  4/ 
Measure  I0  and  To 


Output  Symmetry 

Full  scale  current 
Temp.  Coefficient 


Tc(IFS)  jMeasure  Io  and  Tq 


Propagation  Delay 
time.  High -To- Low 
level 


Fig.  2,  all  bits  switched 
simultaneously. 


Measure  V„ 


Propagation  Delay 
time , Low-To-High 
level 


Fig.  2,  all  bits  switched 
simultaneously. 

Measure  7C 


Reference  amplifier 
input  slew  rate 


Settling  Time , Hi^t-Tb-l 
Level 


Fig.  2,  output  within  1/2 
LSB  of  Final  Value  of  Io 


Settling  Tima, 


Fig.  2,  output  within  1/2 
LSB  of  final  value  of  lQ 


TEST 

SYMBOL 

CONDITIONS  1/ 

s 

UTS 

MAX 

.UNITS 

Supply  Current  From  +VS 

1+ 

All  input  Bits  High  , 

0.4 

3.8 

■A 

Supply  Current  From  -VS 

I- 

All  input  Bits  High 

-7.8 

-0.8 

aA 

Full  Scale  Current 

IFS 

All  input  Bits  High,  2/ 

Measure  l0 

All  input_Bits  Low, 

Measure  I0 

41.984 

+2.000 

** 

: 

Zero  Scale  Current 

IZS 

All  input  Bits  Low, 

'Measure  I0 

All  input_Bits  High, 

Measure  T0 

-1.0 

+1.0 

UA 

Power  Supply  Sensitivity 
From  +VS 

PSSIFS+1 

+VS-+4.5V  to  +5.5V,  -VS  - 18V 

All  input  Bits  high. 

Measure  I0 

All  input  Bits  Low, 

Measure  T0 

-4.0 

♦4.0 

UA 

PSSHS+2 

+VS-+12V  to  +18V,  -VS*  -18V 

All  input  Bits  High, 

Measure  I0 

All  input  Bits  Low, 

Measure 

-8.0 

*8.0 

UA 

Power  Supply  Sensitivity 
Fran  -VS 

PSSIFS-1 

+VS  - +18V,  -VS  « -12V  to  -18V 
All  input  Bits  High, 

Measure  I0 

All  input_Bits  Low, 

Measure  To 

-8.0 

+8.0 

UA 

\ 

PSSIFS-2 

+VS-18V,  -VS---4.5V  to  -5.5V, 

R14  - R15  - lO.OOOKf} 

All  input  Bits  High, 

Measure  Io 

All  input  Bits  Low, 

Measure  T0 

-2.0V 

+2.0 

UA 

1 

Output  Current  Range 

[FSR1 

-VS— 5.0V,  VKEF*  +15V 

All  input  Bits  High, 

Measure  IQ 

All  input  Bits  Low, 

Measure  Y0 

2.1 

aA 

IFSR2 

-VS  - -7.0 V,  VTEF  - +25V 

All  input  Bits  High, 

Measure  I0 

All  input_Bits  Low, 

Measure  I0 

4.2 

aA 

Reference  Bias  Current 

IREF- 

All  input  Bits  Low 

-3.0 

+0.1 

UA 

High  Level  Input 

Current 

IIH 

All  input  Bits  VIN  * +18V, 
Bach  input  measured 

10 

UA 

Low  Level  Input 

Current 

IIL 

separately 

All  input  Bits  VIN  * -10V, 
Bach  input  measurad 
separately 

-10 

UA 
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TADLE  t-l  ELECTRICAL  PERFORMANCE  CHARACTERISTICS  (DEVICE  TYPE  02.) 
JC-41  COMMITTEE  RECOMMENDATIONS 


SYMBOL 


CONDITIONS  1/ 


LIMITS 


MAX 


Full  Scale  Current 
at  +18V  Compliance 


Full  Scale  Current 
at  -10V  Compliance 


Change  in  full  ucale 
current  due  to 
voltage  compliance 

Positive  Bit  Errors 

Negative  Bit  Errors 

Positive  & Negative  Bit 
Error  Difference 

Positive  Relative 
Accuracy 

Negative  Relative 
Accuracy 

Monotonicity 


Output  Symmetry 

Full  scale  current 
Temp.  Coefficient 

Propagation  Delay 
time>  High-To-Low 
level 

Propagation  Delay 
time , Low-To-High 
level 

reference  amplifier 
input  slew  rate 

Settling  Time , Hi^i-Ttr 
Level 

Settling  Time,  Low-TO-Hi 


:fs+  vi0  - vi0  - +18V 

All  input  Bits  High, 

Measure  Io 
All  input_Bits  Low, 

Measure  Io 

:fs-  VI0  - Vfo  - -10V 

All  input  Bits  High, 

Measure  IQ 
All  input  Bits  Low, 

Mcasuro  I0 

Vl0  « +18V  to  -10V, 

Measure  IQ 

- +18V  to  -10V, 

Measure  I0 

(^Positive  Bit  Errors)/IFS, 
Measure  IQ  and  Io  3/ 

(5/ Negative  Bit  Errors) /IFS,  -O.l 
Measure  In  and  T0  3/ 

/j/NL+  / - #NL-  / -0.03 

/2?NL+ 1 + /A? NL  / 

/^NL -/  +/A^NL  / 

(Ion  " Ion-1)  >0  at  each 
major  carry  point.  4/ 

Measure  I0  and  I0 

IFS  - IFS 

TclIFS)  Measure  Io  and  I0 

Fig.  2,  all  bits  switched 
simultaneously. 

Measure  VQ 

Fig.  2,  all  bits  switched 
simultaneously. 

Measure  (F© 


Fig.  2,  output  within  1/2 
LSB  of  Final  Value  of  Io 

Fig.  2,  output  within  1/2 
LSB  of 'final  value  of  IQ 


MC1508 

MIL-M-38510/ 

TABLE  <-(  ELECTRICAL  PERFORMANCE  CHARACTERISTICS  (DEVICE  TYPE  03  ) 
JC-H  COMMITTEE  RECOMMENDATIONS 


CONDITIONS  1/  I LIMITS 


0.4 

-13.0 

1.9 


TEST 

SYMBOL 

CONDITIONS  1/ 

Supply  Current  From  +VS 

1+ 

All  input  Bits  Low 

Supply  Current  From  -VS 

I- 

All  input  Bits  Low 

Full  Scale  Current 

IPS 

All  input  Bits  High,  2/ 

Measure  IQ 

Zero  Scale  Current 

IZS 

All  input  Bits  Low, 

Measure  X0 

Power  Supply  Sensitivity 

PSSIFS+ 

+VS-+4.5V  to  +5.5V,  -VS— 16.5V 

From  +VS 

All  input  Bits  High, 

Measure  I0 

Power  Supply  Sensitivity 

pssnsr-  l 

+VS-+5.0V,  -VS— 13.5  to  -16.5V 

From  -VS 

All  input  Bits  High, 

Measure  Io 

pssm-2 

+VS—5.0V,  -VS— 4.5V  to  -5.5V 

All  input  Bits  High, 

Measure  Io 

Output  Current  Range 

IFSRl 

-VS— 5.0V,  VFEF»-R5V 

All  input  Bits  High, 

Measure  I0 

IFSR2 

-VS— 7.0V,  VREJW25V 

All  input  Bits  High, 

Measure  IQ 

Reference  Bias  Current 

IREF- 

All  input  Bits  Low 

High  Level  Input 

IIH 

All  input  Bits  VIN  - +5.5V, 

current 

Each  input  measured 
separately 

Low  Level  Input  Current 

I XL 

All  input  Bits  VIN  - OV, 
Each  input  measured 
separately 

Full  Scale  Current 

IFS+ 

VI0  “ +0.5V 

at  +. 5V  Compliance 

All  input  Bits  High, 

Measure  Io 

Full  Scale  Current 

IPS- 

VI0  - -5.0V 

at  -5.0V  Compliance 

All  input  Bits  High, 

Measure  Io, Pin  1 open 

Change  in  full  scale 

&IFSC 

VI0  5V  to  -5.0V, 

current  due  to 
voltage  compliance 

Measure  I0 

Positive  Bit  Errors 

iNL> 

( ^Positive  Bit  Errors) /IPS 
Measure  Io  3/ 

Negative  Bit  Errors 

3»nl- 

1 

(^Negative  Bit  Errors) /IF$ 
Measure  Io  3/ 

AD-A065  997  GENERAL  ELECTRIC  CO  PITTSFIELD  MASS  ORDNANCE  SYSTEMS  F/G  9/5 

ELECTRICAL  CHARACTERIZATION  OF  LINEAR  INTEGRATED  CIRCUITS* <U> 

JAN  79  J KULPINSKI.  T SIMONSEN.  R PASKOWSKY  F30602-77-C-0153 
UNCLASSIFIED  RADC-TR-78-275  NL 


(Device  Type  01) 


MOTES:  V VS  - ±15V,  VREF  - +10.000  t .001V,  R14  - R1S  - 5.0000 
± .0005KA, 

VIC  - VIO  - VIq  - -VREF  - 0.0V,  VHIGp  - 2.0V, 

Vlqm  “ 0.8V,  and  Figure  1,  unless  otherwise  specified. 

2/  T*  ■ 25°C  test  only. 

3/  Bit  Error  - (IH-Ixs)}  where  IFS  is 

adjusted  to  (1.992s*  + IZS)  and  N » Positive 
integers  1 through  8. 

4/  The  output  either  increases  or  remains  the  same  for 
each  1LSB  increase  of  input  aode. 


(DEVICE  TYPE  02) 


MOTES : 1/  VS  “ ±15V,  VREF  - +10.000  ± .001V,  R14  - R15  - 5.0000 

~ ± . 0005KR,  , 

VLC  - VIO  - VI0  - —VREF  - 0.0V,  VHIGH  ■ 2.0V, 

Vlow  “ 0.8V,  and  Figure  1,  unless  otherwise  specified. 

2/  T*  - 25°C  test  only. 

3/  Bit  Error  - (In-IZS) j] where  IFS  is 

adjusted  to  (1.992s*  + IZS)  and  N * positive 
integers  1 through  8. 

4/  The  output  either  increases  or  remains  the  same  for 
each  1LSB  increase  of  input  code. 


(DEVICE  TYPE  03) 

MOTES:  +VS  - +5.0V,  -VS  - -15.0V,  VREF  - +10.000  ± .001 V, 

R14  - R15  - 5.0000  + .0005KQ, 

VLC  - VIO  » -VREF  - 0.0V,  VhiGH  * 2.0V 
Vlow  “ 0.8V,  and  Figure  1,  unless  otherwise 
specified. 

2/  Ta  ■ 25°C  test  only. 

3/  Bit  Error  - (IH  - ijgJ,  Where  IFS  is 

adjusted  to  (1.992s*  + IZS)  and  M - positive 
integers  1 through  8. 

4/  The  output  either  increases  or  rsstains  the  same 
for  each  1L8B  increase  of  input  code. 


Vendor  F 


S/N 

Vendor  G 
S/N 

Vendor  E 
S/N 

Vendor  H 
S/N 

Vendor  A 
S/N 


tSLH  (ON) 

tSHL  (OFF) 

(n  aec.) 

(n  aec.) 

2 

120 

126 

3 

123 

116 

4 

124 

192 

5 

120 

118 

6 

110 

100 

7 

112 

110 

8 

114 

110 

9 

120 

120 

10 

112 

112 

11 

110 

100 

12 

110 

100 

13 

110 

103 

14 

100 

103 

101 

165 

160 

102 

165 

160 

103 

165 

160 

104 

165 

160 

105 

160 

155 

19 

93 

100 

20 

94 

105 

21 

95 

105 

Table  6-2.  Settling  Tine  Data  (taken  by  GEOS) 


Table  6-3 

PROPAGATION  TIME  TEST  OF  DAC  08' a 


Device  S/N 

Condition  1 

Condition 

Industry  Sample 

1 

2 naec 

1 

35 

44 

24 

41 

42 

35 

50 

56 

47 

33 

42 

70 

34 

41 

Purchased  Sample 

1 

35 

42  nsec 

3 

38 

40 

4 

38 

44 

5 

39 

43 

6 

30 

38 

7 

29 

39 

8 

34 

38 

9 

42 

48 

10 

35 

40 

15 

31 

34 

25 

29 

32 

26 

32 

31 

27 

34 

37 

tPLH*  VL  “ 2,7  V 
tPHL*  VL  " 0.7  V 


VI-39 


TABLE  6-4 


SLEW  RATE  DATA 


Condition 


Device  S/N 

(1) 

. (2) 

(3) 

JJiL 

(Industry  Saaple) 

t 

t 

t 

t 

1 

225 

235 

250 

260 

24 

300 

300 

300 

305 

35 

490 

500 

480 

500 

47 

225 

230 

230 

225 

70 

330 

335 

330 

350 

(Purchased  Sample) 

1 

400 

405 

395 

400 

3 

370 

375 

365 

380 

4 

460 

480 

440 

470 

5 

455 

455 

465 

470 

6 

290 

295 

295 

300 

7 

265 

275 

280 

295 

8 

295 

285 

295 

295 

9 

350 

355 

340 

355 

10 

290 

295 

280 

290 

15 

235 

240 

220 

230 

25 

220 

225 

215 

205 

26 

245 

240 

230 

245 

27 

255 

245 

250 

260 

Unlta 


nsec 


nsec 


Condition  (1)  ell  bits  low,  lov-to-hlgh  transition  at  the  output 

(2)  all  bits  high,  low-to-high  transition  at  the  output 

(3)  all  blta  low,  hlgh-to-low  transition  at  the  output 

(4)  all  blta  high,  high-to-low  transition  at  the  output 

Room  temperature  only 


dl  . 
dt 


1*4  ■ 1.3  sA/usec.  min 

t 


667  nsec,  max 


VI -40 


1 v» 


1 


— 


'|TISTIC*L  DATA  f I'  'lIXk'D  LOT  DAC06  AT 


VI -41 


Tabic  6*5.  Statistical  data  for  purchased  saniple  (wide  reject  limits) 
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Tabic  6-5.  Statistical  data  for  purchased  sample  (wide  reject  limits),  (cont'd.) 


STATISTICAL  DATA  P'.'*  hlXED  LOT  1AC08  AT  +25  DEG 
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Table  6-5.  Statistical  data  for  purchased  sample  (vide  reject  limits),  (cont’d.) 
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Table  6-5.  Statistical  data  for  purchased  sample  (wide  reject  limits),  (cont'd.) 
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* EXCLUDES  POPULATION  OUTSIDE  OF  LOU  PEJ  AND  HIGH  REJ 


STATISTICAL  DATA  fCl  r-IXf D LOT  I'AC08  AT 
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Table  6-6.  Statistical  data  for  purchased  sample  (tight  reject  limits). 


STATISTICAL  DATA  FC*  MIXED  LOT  DAC08  AT  -55  DEG  C (CONTINUED) 
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Table  6-6.  Statistical  data  for  purchased  sample  (tight  reject  limits),  (cont'd.) 
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Table  6-6.  Statistical  data  for  purchased  sample  (tight  reject  limits),  (cont'd.) 
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Table  6-6.  Statistical  data  for  purchased  sample  (tight  reject  limits),  (cont’d.) 


S/M  Parameter 


TABLE  6-7.  Comparison  of  GE/Slgnetics 
Data  on  5 Industry  samples 


lA  * +25C 
GEOS 


+12 5 'C 


IFS(I0) 


IFS(Io) 


I2S(I0) 


lZS(Io) 


-6.365 

-5.960 

-6.39 

-5.97 

•6.280 

-6.000 

-6.30 

-6.04 

-6.0 

-5.8 

25  -6.0 
90  -5.9 

5 

3 

1.994 

1.9828 

1.995 

1.9825 

1.992 

1.9802 

1.995 

1.9824 

1.996 

1.9828 

1.995 

1.9819 

1.996 

1.9869 

1.999 

1.9878 

1.998 

1.9878 

1.988 

1.9782 

1.987 

1.9690 

1.985 

1.9745 

1.988 

1.9761 

1.990 

1.9777 

1.989 

1.9781 

1.994 

- 

1.994 

1.991 

1.994 

- 

1.996 

1.995 

1.996 

- 

1.999 

1.998 

1.988 

- 

1.987 

1.985 

1.988 

- 

1.991 

1.989 

26.00M 

-200M 

97. SOM 

-510M 

353. 

5M 

-210M 

-1 .ooom 

-220M 

8. OOOM 

-600M 

82. 

50M 

-390M 

-500. Ou 

-210M 

30.00M 

-590m 

190. OM 

-170M 

62.00M 

-160M 

158. 5M 

-440M 

399.0M 

-130M 

109. 5M 

-200M 

81.00M 

-530M 

452 .OM 

-470M 

26.00M 

-190M 

105. 5M 

-500M 

325. 

5M 

-260M 

500 .0u 

-210m 

10. 50M 

-590M 

50.50M 

-550M 

4. OOOM 

-210m 

22.00M 

-570M 

120. OM 

-470M 

64.50M 

-150M 

157. OM 

-440M 

369.0M 

-190M 

22.50M 

-190M 

81. SOM 

-520M 

230.0M 

-360m 

'M  “ mllll  (-200M  - -0.2) 

(u  " micro  (-500.0  u ■ -0.0005) 


■■ 


TABLE  6*7.  Comparison  of  GE/Slgnetles  (cont'd.) 


Data  on  5 Industry  samples 


0.000  0.02 
25. ISM  0.0 
-24.91M  0.0 
-50.06M  -60M 

-15.13M  -10M 

-20.02M  - 

-40.05M 
•20.02M  - 

-50.06M 
-40.05M 
0.000  -30M 

25.15M  -30M 
-24.91M  -10M 
-50.06M  +10M 
-15.13M  -20M 
•20.02M 
-40.05M 
-20.02M  - 

-50.06M  - 

-40.05M 
-114. 8M  +120M 
-70.08M  +120M 
-60.07M  +100M 
99.88M  +50M 
-64.96M  +170M 
-64.96M 
-84 . 98M 
-94.99M  - 

149. 9M  - 


l PSSIFS+l 
24  (I0) 

35 

47 

70 

1 PSSIFS+l 
24  (To) 

35 

47 


-24.91M  -10M 
-19.79M  -20M 

10.01M  +10M 
-49.83M  +50M 
0.000  0.0 
34.92M 
20 .02M 
-20.02M 
0.000 
0.000 

-24.91M  -40M 
-19.79M  -30M 

10.01M  -40M 

-49.83M  -20M 

0.000  -40M 

34.92M 
20.02M 
-20.02M 
0.000 
0.000 

-74.97M  +90M 
-100. 1M  +60M 
-99.88M  +20M 
250. 1M  -40M 
-150.2M  +140M 
-79.86M 
-80.09M 
-60.07M 
300. 1M 


TABLE  6-7.  Comparison  of  GE/Slgn«tlcs  (cont'd.) 


Data  on  5 Industry  samples 


Ta  - 

-55  "C 

tA  “ +25"C 

TA  ■ +125"C 

: 

S/N  Parameters 

GEOS 

Slg 

GEOS  Slg 

GEOS  Slg 

Unit 

295.0M 
129. 9M 
329. 9M 
150. 2M 
299. 9M 
335. 0M 
129. 9M 
220. 0M 
100. 1M 
250. 1M 
2.110 
2.930 
1.610* 
2.890 
1.636* 
2.750 
2.930 
2.029* 
2.910 
2.240 
1.915* 
4.010* 
2.460* 
4.030* 
2.004* 
3.690* 
4.010* 
3.320* 
4.020* 


1 PSSIFS-2 
24  (I0) 

35 

47 

70 

l PSSIFS-2 
24  (T0) 


255. 2M 
175. 1M 
315.0M 
200. OM 
300. 1M 
270. 1M 
165. 1M 
280. 1M 
149. 9M 
299. 9M 
2.880 
2.930 
1.730* 
2.870 
2.680 
2.930 
2.930 
2.070* 
2.900 
2.860 
3.780* 
4.020* 
2.290* 
3.680* 
2.100* 
4.020* 
4.020* 
2.970* 
4.030* 


-285. OM 
-655. OM 
-4.865* 
-600. OM 
-450. 1M 
-295. OM 
-585. IM 
-3.190* 
-349. 9M 
-400. OM 
2.730 
2.640 
1.370* 
1.766* 
2.016* 
2.910 
2.660 
1.628* 
2.290 
2.310 
3.450* 
2.210* 
2.040* 
1.775* 
1.838* 
4.020* 
2.530* 
2.460* 
2.920* 


IFSRl(Io) 


IFSRl(Io) 


IFSR2 do) 


IFSR2 (I0) 


p 45*. , * 


H« 


wiwimwwn  ini i ii 


TABLE  6-7.  Comparison  of  GE/Slgnetlcs  (cont'd.) 


Data  on  5 Industry  samples 


\ 


S/N 

Parameter 

ta  - 

GEOS 

-55*C 

Slg 

Ta  - 

GEOS 

+25*C 

Slg 

Ta  ■ 

GEOS 

+•125*0 

Slg 

Unit 

1 

I REF- 

-1.875 

-2.21 

-1.980 

-2.34 

-1.915 

-2.25 

uA 

24 

-383 .0M 

-0.74 

-452. 5M 

-0.83 

-492. 5M 

-0.85 

35 

-452 .0M 

-0.81 

-492. 5M 

-0.86 

-484. OM 

-0.86 

47 

-1.965 

-2.31 

-1.925 

-2.27 

-1.570 

-1.90 

70 

-1.120 

-1.47 

-1.150 

-1.50 

-965. OM 

-1.31 

1 

IIH(Blt 

#D 

9.200M 

-0.1 

3 . 650M 

-0.1 

20 . 10M 

0 

uA 

24 

950 .Ou 

0 

6.750M 

-0.1 

6.000M 

-0.1 

35 

7 . 650M 

0 

4.700M 

-0.1 

3.750M 

-0.1 

47 

7.050M 

0 

-1.050M 

-0.1 

13.15M 

-0.1 

70 

9.200M 

0 

-300 .Ou 

-0.1 

15.05M 

-0.1 

1 

IIH(Blt 

#2) 

7.900M 

0 

5.050M 

0 

16.95M 

0 

uA 

24 

3.150M 

0 

7.400M 

0 

4.950M 

0 

35 

8.150M 

0 

3.950M 

-0.1 

4.250M 

0 

47 

7.650M 

0 

-700 .Ou 

0 

11.65M 

0 

70 

9.500M 

0 

-1.350M 

0 

13.50M 

0 

1 

IIH(Blt 

#3) 

6.700M 

0 

6.350M 

0 

16 . 70M 

0 

uA 

24 

4.700M 

0 

8.150M 

-0.1 

4.300M 

0 

35 

8.950M 

+0.1 

2.900M 

0 

11. SOM 

0 

47 

8.400M 

0 

400. Ou 

0 

11.25M 

0 

70 

9.200M 

0 

900. Ou 

0 

11. SOM 

0 

1 

IIH(Blt 

#4) 

5.650M 

0 

7 . 550M 

0 

15.50M 

0 

uA 

24 

6.150M 

+0.1 

9.000M 

0 

3.500M 

0 

35 

9.300M 

+0.1 

1.700M 

0 

10.55M 

0 

47 

9.050M 

0 

2.900M 

0 

10.10M 

0 

70 

8.350M 

0 

-1.850M 

0 

10.45M 

+0.1 

1 

IIH(Blt 

#5) 

4.850M 

0 

8.350M 

-0.1 

13.25M 

0 

uA 

24 

7.250M 

0 

9.450M 

-0.1 

2.950M 

0 

35 

9.350M 

0 

900. Ou 

0 

12.25M 

0 

47 

9.400M 

-0.1 

4.600M 

0 

8.400M 

0 

70 

7.150M 

0 

-50.0m 

-0.1 

9.650M 

0 

TABLE  6-7.  Comparison  of  GE/Signetlcs 
Data  on  5 Industry  samples 


i 


S/N 

PsrasMter 

ta  “ 
GEOS 

-55'C 

Sig 

ta  - 

GEOS 

+25°C 

sig 

ta  - 

GEOS 

+125°C 

sig 

Unit 

1 

IIH(Blt 

#6) 

4.250M 

0 

9.050M 

0 

11.35M 

0 

uA 

24 

8 . 100M 

0 

9.550M 

0 

2.450M 

0 

35 

8.800m 

0 

-50.00u 

0 

13.90M 

0 

47 

9.350m 

0 

5.950M 

0 

8.250M 

0 

70 

6 . 100M 

0 

400. Ou 

0 

8.850M 

0 

1 

IIH(Blt 

#7) 

3.600M 

0 

9.200M 

0 

10 . 30M 

0 

uA 

24 

8.850M 

0 

8.800M 

0 

2.250M 

-0.1 

35 

7.900M 

0 

-1.150M 

0 

14 . 50M 

0 

47 

8 . 300M 

0 

7 .OOOM 

0 

7.750M 

0 

70 

5.200M 

0 

200. Ou 

0 

8.750M 

0 

l 

IIH(Bit 

#8) 

3.200M 

0 

9.500M 

0 

9.250M 

0 

uA 

24 

9.400M 

0 

7.800M 

-0.1 

2.150M 

0 

35 

6 . 700M 

-0.1 

-l.vOOM 

-0.1 

14.80m 

0 

47 

7 .400M 

-0.1 

8.  OOOM 

0 

8.900m 

0 

70 

4.500M 

-0.1 

250. Ou 

-0.1 

6 . 700M 

0 

1 

IIL(Blt 

-4.705 

-4.3 

-5.195 

-4.9 

-5.245 

-5.0 

uA 

24 

-1.305 

-1.4 

-1.565 

-1.6 

-1.690 

-1.7 

35 

-1.480 

-1.6 

-1.580 

-1.7 

-1.575 

-1.7 

47 

-4.050 

-4.0 

-4.270 

-4.0 

-3.950 

-3.6 

70 

-2.810 

-2.8 

-3.050 

-3.0 

-2.720 

-2.7 

1 

IIL(Blt 

#2) 

-4.170 

-3.9 

-4.600 

-4.3 

-4.595 

-4.4 

uA 

24 

-1.365 

-1.5 

-1.610 

-1.7 

-1.715 

-1.7 

35 

-1.455 

-1.7 

-1.575 

-1.7 

-1.600 

-1.7 

47 

-3.655 

-3.7 

-3.905 

-3.7 

-3.625 

-3.4 

70 

-2.645 

-2.7 

-2.840 

-2.8 

-2.515 

-2.5 

1 

IIL(Blt 

#3) 

-4.350 

-4.1 

-4.730 

-4.4 

-4.670 

-4.4 

uA 

24 

-1.385 

-1.5 

-1.615 

-1.6 

-1.700 

-1.7 

35 

-1.540 

-1.8 

-1.630 

-1.8 

-1.655 

-1.8 

47 

-4.180 

-4.2 

-4.340 

-4.1 

-4.000 

-3.7 

70 

-2.795 

-2.8 

-2.980 

-3.0 

-2.600 

-2.6 

VI-57 


— 

jMHfi 


1 

IIL(Bit  #4) 

-4.285  - 

24 

-1.385  - 

35 

-1.585  - 

47 

-3.945  - 

70 

-2.700  - 

1 

IIL(Bit  #5) 

-4.450  -< 

24 

-1.345  - 

35 

-1.555 

47 

-4.370  - 

70 

-2.930 

1 

IIL(Blt  #6) 

-4.420  -. 

24 

-1.400  - 

35 

-1.545  - 

47 

-4.205  - 

70 

-3.015  - 

1 

IIL(Blt  #7) 

-4.305  - 

24 

-1.330  - 

35 

-1.490  - 

47 

-4.230  - 

70 

-2.900  -: 

1 

IIL(Bit  #8) 

-4.840  -< 

24 

-1.445  - 

35 

-1.720  - 

47 

-4.200  - 

70 

-2.980  - 

1 

IFS+(Io) 

1.997 

TABLE  6-7.  Comparison  of  GE/Signetics  (cont'd.) 
Data  on  5 Industry  samples 


S/N 

Parameter 

ta  - 

GEOS 

-55*C 

Sig 

tA  “ 

GEOS 

+25  #C 
Sig 

Ta  - +125#C 
GEOS  Sig 

Units 

1 

IFS+(I0) 

1.996 

1.996 

. 

1.992 

mA 

24 

1.996 

- 

1.997 

- 

1.995 

35 

2.001 

- 

2.001 

- 

2.001 

47 

1.992 

- 

1.989 

- 

1.986 

70 

1.991 

- 

1.992 

- 

1.990 

1 

IFS-(Io) 

1.993 

- 

1.994 

- 

1.991 

24 

1.994 

- 

1.995 

- 

1.994 

35 

1.995 

- 

1.998 

- 

1.997 

47 

1.987 

- 

1.986 

- 

1.984 

70 

1.986 

- 

1.989 

- 

1.988 

1 

IFS-(Io) 

1.992 

- 

1.993 

- 

1.991 

24 

1.993 

- 

1.995 

- 

1.994 

35 

1.995 

m 

1.998 

- 

1.997 

47 

1.987 

- 

1.986 

- 

1.984 

70 

1.987 

- 

1.989 

- 

1.988 

1 

Delta  IFSC 

3.934 

.28 

2.243 

-.29 

1.749 

-.41 

uA 

24 

(Io) 

2.499 

.13 

1.713 

-.36 

1.552 

-.28 

35 

5.893* 

.23 

3.566 

-.24 

2.648 

-.17 

47 

4.739* 

.11 

2.862 

-.33 

1.956 

-.14 

70 

4.343* 

.58 

2.754 

-.01 

2.247 

-.01 

1 

Delta  IFSC 

3.964 

.23 

2.257 

-.34 

1.694 

-.37 

uA 

24 

do) 

2.544 

.13 

1.753 

-.43 

1.507 

-.33 

35 

5.901* 

.23 

3.543 

-.28 

2.707 

-.18 

47 

4.774* 

.1 

2.862 

-.4 

2.007 

-.45 

70 

4.233* 

.53 

2.689 

-.04 

2.347 

-.12 

1 

Error (Blt#l) 

-45.11M 

22M 

-25.65M 

4.5M 

-14.12M 

-6.0M 

1 

24 

(Io) 

-22.97M 

1.5M 

-4.198M 

-19. 5M 

15.88M 

-35. 5M 

35 

11.56M 

-32. 5M 

26.32M 

-47M 

35.94M 

-58M 

47 

-89.07M 

70. 5M 

-49.95M 

36. 5M 

-37.45M 

22M 

70 

-54.23M 

34. 5M 

-32.45M 

9.5M 

-22.41M 

9.5M 

VI-59 


mm 


TABLE  6-7.  Comparison  of  GE/Signetlcs  (cont'd.) 


Data  on  5 Industry  samples 


GEOS 


Parameter 


-26.34M 
19.55M 
37.  fm 
-37.43M 
-15.64M 
33M  -45.20M 

18. 5M  -30.92M 
2.5M  .-14.67M 
3.5M  -17.05M 

24. 5M  11.78M 
-52.17M 
-31.05M 

- « -11.18M 

- ' -21.20M 

15.61M 
23M*  6.927M 

-2M  -9.693M 

11M  -22.07M 

11M  -22.72M 

2.5M  -16.39M 

6.362M 
-10. 10M 
-20. 78M 
-21.90M 
-13.51M 
■20.5M  10.64M 

8.5M  -18.56M 
23M  -32.57M 

■1.5M  -8.174M 

11M  -22. SOM 


Error (Blt#l)  -55.70M  - -36.30M 

(To)  -4.526M  - 2.843M 

12.84M  - 28.57M 

-81.24M  - -47.88M 

-51.47M  - -27.52M 

Error (Bit#2)  -50.60M  36. 5M  -45.77M 

(lo)  -30.95M  18M  -30.73M 

-18.98M  7M  -16.45M 

1.310M  -16. 5M  -11.81M 
10.54M  -22M  12.97M 

Error (Blt#2)  -60.08M  - -53.2 1M 

d0)  -36.22M  - -30.64M 

-14.58M  - -12.18M 

-18. SOM  - -19.06M 

13.11M  - 14.93M 

Error (Bit#3)  23.29M  -34M  13.80M 

(Io)  -1.601M  -7M  -5.421M 

-16.12M  7.5M  -19.92M 

-20.66M  11. 5M  -21.81M 
-2.980M  -5.5M  -10.05M 

Error (Blt#3)  24.87M  - 14.70M 

do)  -7.693M  - 7 .042M 

-15.72M  - -18.77M 

-19.32M  - -21.38M 

-2.009M  - -8.437M 

Error (Bit #4)  15.09M  -23M  11.85M 

(Io)  -13.42M  7M  -15.44M 

-25.93M  19. 5M  -29.89M 
-4.106M  -3M  -7.308M 

-9.262M  3M  -17.26M 


% 

TABLE  6-7.  Comparison  of  GE/Slgnetics 
Data  on  5 industry  samples 


S/N 

ta  - - 

Parameter  GEOS 

55  "C 
Sig 

Ta  • 

GEOS 

+25*C 

9*g 

t T A - 
GEOS 

+12 5 *C 
sig 

Unit 

1 

Error(Bit#4)  17.02M 

13.88M 

10.26M 

m 

Z 

24 

(To)  -14.81M 

- 

-15.04M 

- 

-17.72M 

- 

35 

-25.50M 

- 

-29.32M 

-31.20M 

> 

47 

7.048M 

- 

-1.782M 

- 

-5.243M 

- 

70 

-8.939M 

- 

-16.23M 

- 

-20.81M 

- 

1 

Error (Bit#5)  6.706M 

-6M 

3.631M 

‘ -3.5M 

376. Ou 

-1.5M 

Z 

24 

(lo)  30.00M 

-29M 

30.97M 

-32M 

32.17M 

-31. 5M 

35 

12 . 52M 

-12. 5M 

15.95M 

-16M 

16.04M 

-16. 5M 

47 

7.166M 

-5M 

2.P34M 

-IM 

-1.403M 

1.5M 

70 

5.594M 

-3 

967. 8u 

-IM 

-1.671M 

2.5M 

1 

Error (Bit#5)  7.584M 

- 

& 4.070M 

- 

560. 7u 

Z 

24 

do)  30 . 18M 

- 

32.07M 

- 

31.56M 

35 

13.55M 

- 

17.06M 

- 

17.92M 

47 

5.146M 

- 

820. 2u 

- 

-2.155M 

70 

5.301M 

- 

1.583M 

- 

-197. 9u 

1 

Error (Bit#6) -26.42M 

27M 

-30.52M 

30. 5M 

-33.12M 

32. 5M 

Z 

24 

(I0)  -8.926M 

8.5M 

-14.75M 

15M 

-17.48M 

17. 5M 

35 

-18.21M 

18M 

-22.27M 

22M 

-25.33M 

25. 5M 

47 

-14.34M 

14. 5M 

-16.75M 

18M 

-18.51M 

19M 

70 

19.02M' 

-17M 

14.52M 

14M 

11.03M 

-18. 5M 

1 

Error (Bit#6) -25.84M 

- 

-29.97M 

- 

-32.71M 

- 

Z 

24 

do)  -10.62M 

- 

-14.83M 

- 

-16.77M 

- 

35 

-17.65M 

- 

-21.58M 

- 

-24.35M 

- 

47 

-15.12M 

- 

-17.95M 

- 

-19.38M 

- 

70 

18.62M 

- 

15.02M 

- 

12.66M 

- 

1 

Error (Blt#2)  24.25M 

-24M 

24 . 12m 

-24. 5M 

29.76M 

-30M 

Z 

24 

(lo)  -6.618M 

7M 

-10.71M 

11M 

-13.08M 

12M 

35 

1.277M 

-1.5M 

-2.103M 

2.5M 

-3.480M 

1.5M 

47 

35.51M 

-35. 5M 

30.84M 

-31M 

33.10M 

-33. 5M 

70 

-6.726M 

7.5M 

-7.276M 

7M 

-1.122M 

-3.5M 
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TABLE  6-7.  Comparison  of  GE/Signetics 
Data  on  5 industry  samples 


tA  “ 

-55*C 

tA  - 

+25°C 

ta  “ 

+125#C 

3/N 

Parameter 

GEOS 

Sig 

GEOS 

Sig 

GEOS 

Sig 

Unit 

1 

Error(Bit#7) 

25.05M 

23.79M 

29.63M 

7. 

24 

(T0) 

-6.774M 

* M 

-10.34M 

- 

-12.46M 

- 

35 

1.107M 

- 

-1.871M 

- 

-3.327M 

- 

47 

34.40M 

- 

31.50M 

- 

32 . 14M 

- 

70 

-6.798M 

- 

-7.184M 

- 

-395. 2u 

- 

1 

Error (Bit#8) 

4.940M 

-4.5M 

3.149M 

-2.0M 

3.772M 

-4.5M 

7. 

24 

(Io) 

11.78M 

-12M 

5.205M 

-5.0M 

317. 5u 

-1.5M 

35 

10.72M 

-11M 

5.103M 

-5.0M 

1.576M 

-3.0M 

47 

42.47M 

-45M 

35.76M 

-36. 5M 

33.72M 

-34. 5M 

70 

2.900M 

-2.5M 

-2 .420M 

2.0M 

-2.095M 

-1.0M 

1 

Error (Bit#8) 

20.65M 

- 

19.61M 

- 

19.60M 

- 

7. 

24 

(To) 

7.918M 

- 

827. 3u 

- 

-4.487M 

- 

35 

1.831M 

- 

-3.987M 

- 

-7.569M 

- 

47 

44.72M 

- 

36.61M 

- 

33.24M 

- 

70 

-8.931M 

- 

-14.54 

- 

-14.55M 

- 

1 

Sum  NL+ 

74.27M 

90M 

56.55M 

71. 5M 

51.48M 

675M 

7. 

24 

do) 

41.78M 

43. 5M 

36.18M 

56. 5M 

48.37M 

67M 

35 

36.08M 

56M 

47.37M 

65. 5M 

53.55M 

73. 5M 

47 

86.45M 

99. 5M 

68.63M 

69M 

66.82M 

70. 5M 

70 

38.06M 

49M 

28.45M 

38. 5M 

22.81M 

40M 

1 

Sum  NL+ 

95.18M 

- 

76.05M 

- 

66.42M 

- 

7. 

24 

(T0) 

38.10M 

- 

35.74M 

- 

51.12M 

- 

35 

29.32M 

- 

45.63M 

- 

55.69m 

- 

47 

91.31M 

- 

68.94M 

- 

65.38M 

- 

70 

37.03M 

- 

31.53M 

- 

28.27M 

- 

* 

1 

Sum  NL- 

-122. IM 

-89M 

-101. 9M 

-72M 

-92.43M 

-67M 

X 

24 

(I0) 

-84.48M 

-46. 5M 

-81.24M 

-55. 5M 

-89.73M 

-66M 

35 

-79.24M 

-53. 5M 

-90.63M 

-65. 5M 

-98.12M 

-75M 

47 

-128. 2M 

-101. 5M 

-107. 6M 

-69. 5M 

-105. 3M 

-68. 5M 

70 

-73.20M 

-47M 

-69.45M 

36. 5M 

-66.19M 

-39. 5M 
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TABLE  6-7.  Comparison  of  GEOS /Slgne tics  Dynamic  Data 


Settling  Time 

tSLH 

(nsec) 

tSHL 

(nsec) 

S/N 

GEOS 

Signet les 

GEOS 

Slgnetlca 

76 

100 

86.8 

110 

83.2 

30 

107 

122.8 

110 

83.2 

63 

110 

86.8 

106 

90.4 

66 

104 

86.8 

104 

79.6 

68 

104 

76.0 

107 

90.4 

Propagation  Delay 

tPLH 

(nsec) 

CPHL 

(nsec) 

S/N 

GEOS 

Signet les 

GEOS 

Signet les 

1 

35 

31 

44 

15 

24 

41 

32 

42 

14 

35 

50 

43 

56 

36 

47 

33 

29 

42 

5 

70 

34 

33 

41 

13 

Reference  Amplifier  Slew  Rate 

Ac0N  (L  - H)  (nsec) 

A c0FF 

(H  - L)  <n8ec) 

S/N 

GEOS  Signet lea 

(bits  high) 

GEOS 

Slgnetlcs 

1 

236 

127 

260 

68 

24 

300 

223 

305 

119 

35 

500 

362 

500 

185 

47 

230 

125 

225 

73 

70 

335 

202 

350 

98 

1 
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